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PREFACE 


The  research  reported  herein  was  conducted  by  the  Arnold 
Engineering  Development  Center  (AEDC),  Air  Force  Systems 
Command  (AFSC),  under  Program  Element  65807 F.  The 
results  were  obtained  by  ARO,  Inc.  (a  subsidiary  of  Sverdrup  & 
Parcel  and  Associates,  Inc.),  contract  operator  of  AEDC,  AFSC, 
Arnold  Air  Force  Station,  Tennessee.  The  work  was  accomplished 
in  the  Engine  Test  Facility  IETF),  under  ARO  Project  Numbers 
R32P-54  and  R32P-55A,  The  authors  of  this  report  were  M.  G. 
Davis,  W.  K.  McGregor,  J.  D.  Few,  and  H.  N.  Glassman,  ARO, 
Inc.  The  manuscript  {ARO  Control  No.  ARO-ETF-TR-75-115)  was 
submitted  for  publication  on  June  30,  1975. 

Dr.  M.  G.  Davis  is  an  Associate  Professor  of  Physics  at  the 
University  of  Tennessee  at  Nashville  and  consultant  to  ARO,  Inc. 


1 


AEOC-TR-76-1 2 


CONTENTS 

Page 

1.0  INTRODUCTION .  7 

2.  0  THEORETICAL  DEVELOPMENT .  8 

2.  1  Development  of  Transmission  Formulas  for 
Cases  Involving  Absorption  Lines  Broadened 

by  Foreign  Gases .  8 

2.  2  Relations  between  Absorption  Coefficient 

and  Absorbing  Medium  Properties .  13 

2.  3  Examination  of  the  Broadening  Parameter  (a').  .  14 

3.0  DETERMINATION  OF  THE  BROADENING 

PARAMETER  (a  )  FOR  THE  NO  MOLECULE  IN 

THE  PRESENCE  OF  N2 .  15 

3.  1  Description  of  the  Experimental  Apparatus  ...  15 

3.  2  Procedures  and  Results .  22 

4.0  DISCUSSION .  30 

REFERENCES .  32 

ILLUSTRATIONS 

Figure 

1.  Illustration  of  Spectral  Line  Shape  for  Different 
Values  of  the  Ratio  of  the  Pressure  Broadened 

Half- Width  to  the  Doppler  Half- Width .  11 

2.  Schematic  of  Experimental  Apparatus  for 

Resonance  Line  Absorption  Measurements .  16 

3.  Diagram  of  Heated  Absorption  Cell .  19 

4.  Schematic  of  Gas  Handling  System  for  Heated 

Absorption  Cell .  19 

5.  Diagram  of  Resonance  Lamp  Used  to  Produce 

Narrow-Line  Radiation .  20 

6.  (0,  0)  Band  of  the  NO  7-System  Obtained  from 
Discharge  Tube  Containing  a  Mixture  of  12:3:1 
(by  volume)  of  A:N2:02  at  8  torr  with  2800  v 
Applied  by  Use  of  1-m  Spectrometer^ in  Second 

Order  (Equivalent  Slit  Width,  0.  03  A) .  20 


3 


AEDC-TR-76-12 


Figure  Page 


7.  Population  Distribution  of  Excited  Rotational 
States  of  the  A1 2 *E  Level  of  NO  in  a  Water-Cooled 
Discharge  Tube  Operated  at  8  torr  with  2800  v 
Applied  and  Containing  12:3:1  Mixture  (by 

volume)  of  A:N2:02 .  21 

8.  Example  of  Transmission  Measurements  for  NO 

(0,  0)  y-Band,  as  Obtained  with  a  1-m  Spectrometer 
having  an  Equivalent  Slit  Width  of  0.  03  A 

a.  Optical  Path  Length  for  Absorption  (NQ£  =  2)  .  ,  .  23 

b.  Optical  Path  Length  for  Absorption 

(NQ£  =  2.36'xlOl'7  molecules/cm2) .  23 

9.  Example  Set  of  Transmission  Measurements  for 
NO  (0,  0)  y-Band,  as  Obtained  with  a  l/2-m 
Spectrojneter  Having  an  Equivalent  Slit  Width 

of  1.  6  A .  24 

10.  Example  of  Computed  Transmission  for  NO  (0,  0) 

7-Band  for  an  Equivalent  Spectral  Slit  Width  of 

0.  03  A  and  at  Conditions  Corresponding  to 

Fig.  8 .  26 

11.  Example  Set  of  Computed  Transmission  for  NO 
(0,  0)  7-Band  jbr  an  Equivalent  Spectral  Slit 
Width  of  1.  6  A  and  at  Conditions  Corresponding 

to  Fig.  9 .  27 

12.  Calculated  Transmissivity  (t)  of  the  Second  Band 
Head  of  the  (0,  0)  NO  7-Band  as  a  Function  of 

the  Line  Broadening  Parameter  (a')  . .  28 

13.  Values  of  the  Spectral  Broadening  Parameter  (a') 
as  a  Function  of  p/T  for  the  (0,  0)  7- Band  of 

NO  as  Obtained  by  Comparing  Experimental 

Data  with  Computed  Data .  31 

TABLES 

1.  Determination  of  Broadening  Parameter  (a')  from 

Resolved  Lines  of  the  (0,  0)  Band  of  the  NO  7-System.  .  28 

2.  Determination  of  Broadening  Parameter  (a')  from 

the  Unresolved  (0,  0)  Band  of  the  NO  7-System .  29 


4 


AEDC-TR-76-12 


APPENDIX 


Page 


A,  Computer  Program  for  the  Calculation  and  Simu¬ 
lation  of  the  NO  (0,  0)  -y-Band  Spectra  Transmitted 


through  an  Absorbing  Medium .  35 

NOMENCLATURE .  79 


5 


AEDC-TR-76-12 


1.0  INTRODUCTION 


The  radiative  transfer  of  Doppler  broadened  spectral  lines, 
contained  within  electronic-vibrational- rotational  bands,  through 
Doppler  broadened  absorbing  media  has  been  treated  in  a  pre¬ 
vious  report  (Ref.  1).  In  the  work  reported  herein,  the  radiative 
transfer  of  Doppler  broadened  source  bands  through  media  with 
Doppler  and  collision  broadened  lines  is  treated.  In  Ref.  1,  the 
nitric  oxide  .0^0)  molecule  was  used  to  demonstrate  the  technique 
and  to  compare  experimental  data  from  low-pressure,  Doppler 
broadened  absorbing  media  with  the  calculated  band  profiles.  In 
the  work  reported  herein,  NO  will  be  used  again  but  at  pressures 
such  that  collisional  broadening  by  a  foreign  gas  IN2)  is  present. 
Knowledge  of  the  collisional  broadening  parameter  for  NO  was  found 
to  be  uncertain  {Ref.  2)  so  that  a  major  part  of  the  present  work  was 
the  determination  of  the  broadening  parameter  to  a  higher  degree  of 
accuracy  over  a  large  range  of  pressure  and  temperature  conditions. 

The  application  of  this  work  is  found  in  the  use  of  spectral  line 
transmission  through  high  temperature  media  to  determine  species 
concentration  and  temperature  in  situ.  Previously,  measurements 
using  this  spectral  line  resonance  absorption  technique  (Refs.  3  and 
4)  have  been  made  using  empirical  procedures  to  account  for  the 
finite  width  of  the  source  lines.  The  work  reported  in  Ref.  1  per¬ 
mitted  the  measured  transmission  to  be  related  to  species  concen¬ 
tration  and  temperature  in  a  rigorous  fashion  when  pressure  (e.  g. , 
collisional)  broadening  could  be  neglected.  The  development  in  the 
present  report  will  permit  measurements  to  be  related  to  species 
concentration  and  temperature  over  pressure  ranges  where  the 
pressure  broadening  is  comparable  to,  or  dominates,  the  Doppler 
broadening. 

The  broadening  parameter  (a')  as  used  in  most  treatments  of 
spectral  line  broadening  (Refs.  5  and  6,  for  example)  is  proportional 
to  the  ratio  of  the  sum  of  the  natural  half- width  and  the  collisional 
half-width  of  the  line  to  the  Doppler  half-width.  The  natural  half¬ 
width  can  be  neglected  for  electronic  resonance  transitions.  Theo¬ 
retical  estimating  procedures  are  generally  inadequate  to  predict 
the  collisional  broadening  and  measurements  cannot  separate  the 
Doppler  from  the  collisional  contributions  so  that  the  parameter 
(a')  must  be  experimentally  determined.  Direct  measurement  of  the 
broadening  half-width  to  determine  a'  requires  high  resolution 
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spectral  instruments.  In  the  treatment  used  in  the  present  study,  a 
theoretical  calculation  procedure  is  used  to  predict  transmission 
from  experimental- measurements,  and  thus  by  iteration  of  the  cal¬ 
culations  using  a'  as  a  parameter,  the  value  of  a'  is  indirectly 
determined  by  matching  calculated  and  measured  transmission.  The 
required  experimental  data  were  obtained  by  measurement  of  the 
transmission  of  Doppler  broadened  lines  in  the  (0,  0)  7-band  of  NO 
from  a  gas  discharge  lamp  through  a  temperature-controlled  (60  to 
1,  000°F)  absorption  cell  containing  known  mixtures  of  NO  and  N2 
at  pressures  varying  from  about  0.  1  to  2  atm. 

The  results  of  the  theoretical  development  and  the  empirically 
determined  value  of  a'  are  applicable  directly  to  calculations  of  the 
transmission  of  the  (0,  0)  -7- band  of  NO  emitted  by  a  resonance 
radiation  source  through  absorbing  media  of  various  NO  concentra¬ 
tions,  pressures,  and  temperatures.  The  temperatures  and  pres¬ 
sures  accessible  in  the  calibration  laboratory  is  limited,  so  that 
direct  calibration  for  all  possible  conditions  is  not  possible.  How¬ 
ever,  the  determination  of  a'  and  the  use  of  the  theoretical  relation¬ 
ships  between  the  transmissivity  and  NO  concentration  permits 
extension  to  environments  expected  at  the  exhaust  exit  of  combustion 
engines  and  other  devices  in  which  measurements  of  NO  concentration 
might  be  desired. 


2.0  THEORETICAL  DEVELOPMENT 

2.1  DEVELOPMENT  OF  TRANSMISSION  FORMULAS  FOR  CASES  INVOLVING 
ABSORPTION  LINES  BROADENED  BY  FOREIGN  GASES 

tli  _ 

For  a  single,  isolated  j  spectral  line,  the  transmission  (TJ 

of  a  source  line  having  some  frequency  distribution  (I£,.)  through 

uniform  absorbing  medium  of  length  i  is  given  by  (Ref?  5): 

Tj  =  (1) 

where  v  is  the  frequency  and  kj/j  is  the  absorption  coefficient  which 
has  a  frequency  distribution  independent  of  1^.  If  the  radiation 

source  is  maintained  at  low  pressure,  the  frequency  distribution  for 
Ij,j  can  be  attributed  to  the  Doppler  effect,  and  is  given  by 
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I 


o 


exp 


2(v-v?) 


L(As>/j)n 


(2) 


where  IJ-o  is  the  intensity  of  the  source  line  at  center  frequency 

(t/«)  and  (Asi/-i)£)  is  the  Doppler  width  at  half  the  intensity  (half- 
J  J 

width)  of  the  emitted  spectral  line.  The  Doppler  half-width  of  the 
source  line  is  given  by 


=  2v]  \ 


2tn2  «TS 


Msc 


(3) 


In  Eq.  3,  «.  is  Boltzmann's  constant,  Ts  is  the  absolute  tempera¬ 
ture  of  the  source,  Ms  is  the  molecular  weight  of  the  emitting 
molecule,  and  c  is  the  speed  of  light. 


In  general,  the  frequency  distribution  of  the  absorption  coef¬ 
ficient  (ki^)  is  given  by  (Ref.  6): 


9C 

oa 


a +  (ojj  -  y)^ 


Ay 


(4) 


where 


a 


C  h  v  ■ ) 
a  J  D 


(5) 


(i) 


J 


2jn  --i1 


\jZn  2 


(6) 


and  y  is  a  dummy  variable  of  integration.  In  Eq.  4,  is  the 
absorption  coefficient  at  line  center  for  Doppler  conditions.  In 
Eq.  5,  (Aai’j)L,  is  the  Lorentz  half-width  (due  to  collision  broaden¬ 
ing)  of  the  absorption  line  and  is  given  by  (Ref.  6): 
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(iVj>L 


n 


(7) 


where  Zl  is  the  frequency  of  collisions  between  the  absorbing  mole¬ 
cules  and  the  surrounding  molecules  which  leads  to  broadening  of  the 
energy  states  of  the  absorbing  molecules.  The  factor  is  the 

Doppler  half- width  of  the  absorption  line  and  is  given  by 


<Vj>D  ■  2-j 


4 


2in2  KT 


M  c 

a 


<a> 


where  Ta  is  the  static  temperature  of  the  absorbing  medium  and  Ma 
is  the  molecular  weight  of  the  absorbing  molecules. 


Equation  4  for  kyj  can  be  shown  to  reduce  to  {Ref.  7): 


k  =  k  o  Riexp  [-Oj.  +-  i  a ') 2]  crfc  [-iw-  +  a']| 
i  *1  J  J 


(9) 


where  R  denotes  the  real  part  and  i  =  >/- 1.  It  should  be  noted  that,  for 
low  pressures  and  high  temperatures,  a'  is  very  small  and  Eq.  (9) 
reduces  to 


k  o  e-W 

j 


This  is  the  Doppler  case  examined  in  Ref.  1. 


(10} 


Close  examination  of  Eq.  {9}  shows  that  the  absorption  line 
half-width  increases  and  the  absorption  coefficient  at  line  center 
decreases  as  a'  increases,  as  illustrated  graphically  in  Fig.  1. 

Equations  (1),  (2),  and  (4)  can  be  combined  to  give  the  trans¬ 
mission  of  a  single  line  through  a  medium: 


oo 

f  exP 

O 


2(v-v?) 


:-y2d, 


a'2  +  (cu:-Y)2 


<Mll) 


If  there  are  other  absorption  lines  which  might  contribute  to  the  meas¬ 
ured  transmission  of  the  jth  line,  Eq.  (4)  must  be  replaced  by 


10 


Absorption  Coefficient,  kv.  Arbitrary  Units 


AEDC -TR-7B-12 


Frequency,  v,  Arbitrary  Units 


Figure  1.  Illustration  of  spectral  line  shape  for  different  values 

of  the  ratio  of  the  pressure  broadened  half-width  to  the 
Doppler  half-width. 
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-  “2  k„a 

77  i  "i 


.-y 


a'2  +  (a.;  -  y)2 


(12) 


where  the  summation  is  over  all  absorption  lines,  including  the  jth 
line,  which  have  a  finite  value  of  the  absorption  coefficient  contribut¬ 
ing  to  absorption  of  the  jth  emission  line.  The  transmission  of  the 
radiation  in  the  jth  emission  line  due  to  absorption  by  many  lines  is 
given  by 


Ti  - 


1  ytl 

J  0 


exp  {- 


“2(^  -  ix?)  _ ; 

— - - -  \/£n  2 

.(zVj>P 


exp 


*  i 


K*  / 


/e~y2  dy  ) 
2  +  (<Uj-y)2  ) 


&  (13) 


The  total  transmission  (T)  in  a  particular  frequency  interval 
(e.  g,  ,  bandpass  of  a  spectrometer  or  interference  filter)  is  given  by 
summing  over  all  the  emission  lines  in  that  interval  and  results  in  the 
equation: 


TAi/  =  ?!  o  J  exp\ 
i  J  O  1 


{  f2(v-^p  _ *12)  (  „  e 

<  -  - Jtn  2  >  exp  < - £  k  O  f 

(  V  J  )  (  !  "i-U 


Av  (14) 


where  the  summation  over  j  includes  all  emission  lines  which  have 
components  falling  within  the  frequency  interval  of  interest  (Av).  The 
transmissivity  (t)  or  fractional  transmission  in  a  particular  frequency 
interval  (Av)  is  then  given  by 


exp 


2l°o/ 
]  J  o 


a 'e"y  dy  \ 
/2  +toi~y}2) 


(15) 


dv 


In  order  to  carry  out  the  evaluation  of  values  of  and  a' 
must  be  determined  for  a  particular  medium  and  path. 
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2.2  RELATIONS  BETWEEN  ABSORPTION  COEFFICIENT  AND 
ABSORBING  MEDIUM  PROPERTIES 


The  absorption  coefficient  of  a  diatomic  molecule  for  Doppler 
conditions  at  line  center  frequency  is  given  by  {Ref.  5): 

k  Q  _  nj" <i6) 

"i  "  me2  <Vi>D 

where  e  is  the  charge  on  an  electron,  c  is  the  velocity  of  light,  m 

is  the  mass  of  an  electron,  f  »  -v  is  the  oscillator  strength  of  the 

J  J 

appropriate  absorption  line,  N_#,  is  the  number  density  of  molecules 

J 

in  the  lower  energy  state  of  the  molecule  corresponding  to  the  ith 
line,  J  ,  is  the  rotational  quantum  number  of  the  lower  energy  state, 
and  J'  is  the  rotational  quantum  number  of  the  upper  energy  state. 


The  number  density  of  the  lower  energy  state  (NT/,)  under  equi- 

J 


librium  conditions  is  given  by 


he  Bq{2J  '”  +  1)  exp 


[-£ 


2  xT„ 


(17) 


where  NQ  is  the  number  density  of  the  molecule  of  interest,  BQ  is  the 
rotational  constant  for  the  ground  state,  h  is  Planck's  constant,  k  is 
Boltzmann's  constant,  and  F{j'')  is  the  rotational  energy  term  for  the 
lower  rotational  energy  state. 


The  value  for  the  oscillator  strength  (f  ,  t)  is  given  by  (Ref.  8): 

J  J 


<rj"= 


'j  "j " 


sr'r 


2(2 J  "  +  1K2S+  1) 


(18) 


where  f^,^  n  is  the  band  oscillator  strength,  vj‘j  "  is  the  frequency  of 

the  line  of  interest,  v  ,  ,,  is  the  frequency  of  the  band  head,  §T,/T,  is 

V  V  J  J 

the  normalized  Hbnl-London  factor  for  the  line  of  interest,  and  S  is 

the  spin  quantum  number.  Combining  Eqs.  (16),  (17),  and  (18)  gives 


•N/ff  In  2  h  B0  i/ j  'j  "  fy '  v  "  Sj  "j '  M0  e*p  F<J  "jj 

2{2S  +  1)  me2  k T B  v — (Aar>i)D 


(19) 
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For  a  particular  spectral  line  of  a  given  molecular  species  for  which 
the  various  molecular  parameters  in  Eq.  (19)  are  known,  values  of 
can  be  calculated  as  functions  of  N-.  and  T„. 

For  the  (0,  0)  y-band  of  NO,  Eq.  (19)  reduces  to  (Ref.  1): 


k 


1.603  x  TO'14 


j3/  2 


exp  [-1 .4383  F(J")'TJ 


where  the  cgs  system  of  units  is  used  throughout 


(20) 


2.3  EXAMINATION  OF  THE  BROADENING  PARAMETER  (a') 

Equation  (7)  states  that  collisional  broadening  of  a  spectral 
absorption  line  depends  on  the  collisional  frequency  of  the  absorbing 
molecules  with  the  surrounding  molecules.  It  can  be  shown  from 
classical  kinetic  theory  that  the  broadening  collisional  frequency  (ZjO 
for  an  absorbing  molecule  of  molecular  weight  (Ma)  is  given  by 


=  I  Zf  = 

1! 


22 

e 


(21) 


where  is  the  mass  of  the  4th  type  of  colliding  molecule  causing 
the  broadening,  Njg  is  the  concentration  of  the  4th  type  of  molecule, 
and  is  the  effective  collisional  cross  section  for  the  broadening 
process  by  the  4th  type  molecule. 


Combining  Eqs.  (5),  (7),  (8),  and  (21)  results  in  the  equation, 


w.  J 

ye 


= 

V*  i 


(22) 


where  ^  j  is  the  wavelength  of  the  absorption  line  at  line  center  and 
results  from  the  fact  that 


=  -8 
J  Vi 


(23) 


By  using  the  equation  of  state  for  a  perfect  gas,  it  can  be  shown  that 


,19 


P  l 


(24) 


Ng  =  9.66  x  io  _ 

1  a 

where  is  the  partial  pressure  of  the  4th  type  molecule  in  torr  and  T 
is  in  K.  Combining  Eqs.  (22)  and  (24)  results  in 
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B 


5.45  x  1019 
T 


\?  1 
1  f. 


Mp 


(25) 


For  many  cases,  the  foreign  gas  is  composed  of  chiefly  one 
constituent,  and  the  concentration  of  the  absorbing  gas  is  relatively 
small.  In  such  cases,  self  broadening  is  negligible,  and  Eq.  (25) 
reduces  to 


a  = 


(26) 


or 


(27) 


where  o2  is  the  effective  collisional  cross  section  for  the  broadening 
process  by  the  foreign  gas,  Mf  is  the  mass  of  the  foreign  gas,  and 
Cj  is  a  constant  for  the  jth  line  given  by 


C.  =  5.45  x  10 19  a“ 


/rr^i 

V  Mf 


(28) 


It  is  this  constant  (Cj)  that  must  be  determined  experimentally. 


3.0  DETERMINATION  OF  THE  BROADENING  PARAMETER  (a')  FOR 
THE  NO  MOLECULE  IN  THE  PRESENCE  OF  N2 

The  value  of  a  is  functionally  dependent  on  pressure  and  tempera¬ 
ture  as  shown  by  Eq.  (27).  To  completely  define  a',  the  value  of  Cj 
must  be  determined  experimentally.  Although  Cj  depends  on  the  wave¬ 
length  of  the  spectral  line  of  interest,  for  most  spectral  bands  Cj  may 
be  considered  a  constant  for  all  lines  in  the  band  and  simply  designated 
by  C  (i.  e. ,  Aj  changes  by  less  than  0.  1  percent  throughout  the  (0,  0) 
y-band  of  NO).  In  this  section,  the  experimental  determination  of  Cj 
for  a  few  individual  lines  of  the  (0,  0)  7-band  of  NO  and  the  determina¬ 
tion  of  C  for  the  entire,  unresolved  band  will  be  described. 

3.1  DESCRIPTION  OF  THE  EXPERIMENTAL  APPARATUS 

The  experimental  apparatus  consisted  of  a  resonance  gas  dis¬ 
charge  source  lamp,  a  heated  absorption  cell,  and  two  spectrom¬ 
eters.  The  arrangement  of  the  apparatus  is  illustrated  in  Fig.  2. 
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Figure  2.  Schematic  of  experimental  apparatus  for  resonance  line 
absorption  measurements. 
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3.1.1  Ultraviolet  Spectrometers 

A  1-m  Jarrell- Ash  grating  spectrometer  equipped  with  curved 
slits  was  used  to  obtain  high  resolution  data.  The  grating  has  1,  180 
lines/ mm  and  was  blazed  for  maximum  reflection  at  7,  500  A.  All 
data  taken  with  the  1-m  spectrometer  was  in  the  second  order  of  the 
spectrum.  An  RCA  1P28  photomultiplier  tube  with  S-spectral  response 
was  used  as  the  detector.  The  internal  optics  consisted  of  two  fused 
silica  lenses,  each  with  an  f-number  of  4.4.  The  lenses  were  placed 
as  shown  in  Fig.  2,  so  that  parallel  light  was  directed  from  the  source 
through  the  absorbing  gas  and  focused  on  the  slit  of  the  spectrometer. 
The  1-m  spectrometer  was  operated  with  a  physical  slit  width  of  10  n, 
resulting  in  an  equivalent  slit  width  of  0.  03  A,  which  gives  sufficient 
resolution  to  separate  several  lines  in  the  y-bands  of  NO  (Ref.  3). 

A  l/2-m  Jarrell-Ash  grating  spectrometer  equipped  with  curved 
slits  was  used  to  obtain  low  resolution  band  spectra.  The  gratingjiad 
2,  360  lines/ mm  and  was  blazed  for  maximum  reflection  at  3,  000  A. 

The  external  optics  and  detector  were  identical  to  those  used  on  the  1-m 
spectrometer.  The  1/2-m  spectrometer  was  operated  with  a  physical 
slit  width  of  200  y  ,  resulting  in  an  equivalent  slit  width  of  1.  6  A.  No 
lines  of  NO  y-bands  could  be  resolved  using  this  slit  width.  The  1/2-m 
instrument,  operated  with  the  200-p  slit  width,  has  been  used  in  lieu 
of  the  1-m  instrument  for  field  measurements  of  the  absorption  of  NO 
y-band  radiation  (Ref,  4)  because  it  is  less  susceptible  to  vibration 
and  misalignment  problems. 

3.1.2  Absorption  Cell 

The  absorption  cell  used  in  this  research  study  was  a  specially 
designed  91.  4-cm  long  by  10.  2-cm-diam  fused-silica  tube  with  flat 
fused-silica  end  plates  and  1/2- in.  tubes  for  gas  entry  and  exit  (Fig.  3). 
The  tube  was  enclosed  in  a  copper  sleeve  which  was  wrapped  with  a 
Calrod®  unit  for  heating  purposes.  A  highly  reflective  aluminum  sheet 
was  wrapped  around  the  heating  unit,  and  the  entire  assembly  was 
surrounded  by  three  inches  of  insulation.  The  assembly  was  encased 
in  a  steel  housing.  Three- inch  diameter  holes  were  left  in  each  end 
of  the  tube  so  that  the  light  source  could  be  directed  through  the  cell 
and  into  the  spectrometer. 

The  heating  unit  was  connected  to  a  temperature  controller  which 
controlled  the  temperature  of  the  gas  within  the  cell  through  the  moni¬ 
toring  of  strategically  placed  thermocouples.  The  temperature  could 


17 


AEDC-TH  -76-1 2 


be  varied  between  ambient  and  1,  000°F  and  controlled  within  an  accuracy 
of  ±1  percent.  The  pressure  of  the  gas  in  the  cell  was  measured  by  means 
of  pressure  transducers  over  a  range  of  from  50  to  1,  500  torr,  with  an 
accuracy  of  ±1  percent. 

The  gas  system  is  shown  schematically  in  Fig.  4.  The  absorber 
gases  could  be  admitted  to  the  cell  and  sealed  off  by  valves  or  could 
be  flowed  continuously.  In  this  experiment,  the  gases  were  admitted 
and  sealed  off.  The  gases  used  were  mixtures  of  NO  in  N2  which  were 
supplied  by  Scott  Research  Corporation  as  calibration  gases.  Three 
mixtures  were  used:  (1)  40  parts  per  million  (ppm),  (2)  100  ppm,  or 
(3)  400  ppm  of  NO.  The  actual  mixtures  were  determined  to  be  40, 

99,  and  395  ppm,  using  a  gas  chromatograph,  with  an  accuracy  of 
±5  percent. 

3.1.3  Resonance  Lamp  Source  Characteristics 

A  schematic  of  the  resonance  lamp  used  as  a  line  source  is  pre¬ 
sented  in  Fig.  5.  The  source  was  run  using  a  12:3:1  mixture  (by 
volume)  of  (AiNgtC^)  at  approximately  5-torr  pressure  with  an  applied 
voltage  of  2,  800  v.  Radiation  emitted  at  the  end  of  the  water-cooled 
capillary  tube  was  directed  through  the  absorption  cell  and  into  the 
optics  of  the  spectrometer  (Fig.  2).  The  gas  temperature  in  the 
capillary  tube  was  maintained  at  approximately  320  K  by  the  water¬ 
cooling  jacket.  It  is  assumed  that  the  dominant  broading  mechanism 
under  these  conditions  is  due  to  the  Doppler  effect.  The  Doppler  line 
width  (Eq.  (3))  for  the  lines  of  the  (0,  0)  7-band  of  NO  at  320  K  is  0.  0005  A, 
so  that  the  actual  width  of  the  lines. is  much  smaller  than  the  equivalent 
slit  width  of  the  spectrometer  (0.  03  A).  A  spectrum  of  the  (0,  0)  band 
from  the  lamp  in  which  many  of  the  lines  are  resolved  is  given  in  Fig.  6. 

In  order  to  employ  the  computational, technique  developed  in  Section  2.  0 
and  the  spectrometer  simulation  described  in  Ref.  1,  it  is  necessary 
to  define  the  relative  intensity  of  each  line  in  the  band.  By  using  all 
the  resolved  lines  in  the  spectra  of  Fig.  6,  a  plot  of  the  radiation  in¬ 
tensity  divided  by  the  relative  line  strength  versus  the  upper  state 
energy  (Fj')  was  made  (Fig.  7).  The  upper  state  energy  parameter 
varies  from  the  energy  at  J'=  1/2  to  the  energy  at  J'  =  81/2.  A 
more  complete  discussion  of  the  energy  levels  of  the  upper  state  for 
the  (0,  0)  7 -bands  appears  in  Ref,  3. 

In  order  to  find  the  relative  intensity  of  those  lines  that  are  not 
resolvable,  it  is  necessary  to  use  the  curve  in  Fig.  7.  For  a  particu¬ 
lar  line,  the  value  of  Ij/jW  corresponding  to  its  value  of  ,  is 

found  from  Fig.  7  and  is  then  multiplied  by  the  appropriate  value  of 
Sj/j//  resulting  in  a  value  of  the  relative  intensity  (I  ,  «)  for  the  J  'J  " 
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Figure  3.  Diagram  of  heated  absorption  cell. 


Calibration 

Gas 


to 

Atmosphere 


Figure  4.  Schematic  of  gas  handling  system  for  heated  absorption  cell. 
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Cooling 

Water 


Figure  5.  Diagram  of  resonance  lamp  used  to  produce  narrow-line  radiation. 


Figure  6.  (0,0)  band  of  the  NO  7-system  obtained  from  discharge  tube 
containing  a  mixture  of  12:3:1  (by  volume)  of  A:N2:02  at 
8  torr  with  2,800  v  applied  by  use  of  1-m  spectrometer  in 
second  order  (equivalent  slit  width,  0.03  A). 
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line.  Values  for  Sj'j"are  obtained  from  the  formulas  developed  by 

Earls  (Ref.  9)  as  given  in  Ref.  3.  Experimental  values  of  v<,  as 
given  by  Deeszi  (Ref.  10)  were  used  in  these  calculations.  The  experi¬ 
mental  values  of  vj  are  more  accurate  than  can  be  calculated  using  the 
Hill  and  Van  Fleck  formula  as  discussed  in  Ref.  1.  Values  for  Iy. 
used  in  the  transmission  equations  (Eqs.  (13),  (14),  or  (15))  are  tiius 
calculated  from  the  values  of  I  in  Fig.  7. 

The  distributions  of  line  intensities  were  measured  several 
times  during  these  experiments  using  pressures  in  the  resonance 
lamp  ranging  from  5  to  15  torr  with  corresponding  changes  in  the 
applied  voltage  and  current.  No  measurable  changes  in  the  relative 
distribution  of  line  intensities  shown  in  Fig.  7  have  been  found,  al¬ 
though  the  level  of  intensity  may  change  considerably  with  the  lamp 
operating  conditions. 


3.2  PROCEDURES  AND  RESULTS 

The  procedure  for  determining  the  value  of  C  for  NO  consisted 
of  the  following  steps: 

(1)  A  series  of  laboratory  spectral  absorption  measurements  of 
the  (0,  0)  7-band  of  NO  were  made  for  several  partial  pres¬ 
sures  of  NO  and  N2  and  for  several  gas  temperatures. 

Several  sets  of  high  resolution  data  were  taken  using  the  1-m 
spectrometer  to  measure  the  spectral  transmission  at  the 
various  conditions.  A  portion  of  the  resolved  spectrum  for 
one  of  these  tests  is  shown  in  Fig.  8  with  no  gas  in  the  cell 
and  with  a  mixture  of  NO  and  N2  in  the  cell.  For  the  case 
illustrated  in  Fig.  8,  the  number  density  of  NO  is  2.  58  x  lO*3 
molecules/cm3,  the  pressure  is  1.  5  atm,  and  the  temperature 
is  422  K.  Several  lines  used  to  obtain  values  of  a'  are  identi¬ 
fied  in  Fig.  8.  The  transmissivity  (t-j)  for  each  of  the  lines 
was  determined.  Data  comparable  to  that  shown  in  Fig.  8 
were  obtained  for  three  conditions  in  the  absorption  cell.  Low 
resolution  measurements  were  also  made  with  the  1/2-m 
spectrometer  in  order  to  determine  the  transmission  of  the 
unresolved  band.  Example  data  for  the  band  transmission 
are  shown  in  Fig.  9  with  the  operating  conditions  stated  on 
the  figure.  The  transmissivity  at  the  second  band-head  was 
determined  from  the  data  in  Fig.  9.  Unresolved  band  trans¬ 
mission  data  for  the  second  band-head  were  obtained  at  27 
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2,264  *266 *268 *27? 

Wavelength,  A 

b.  Optical  path  length  for  absorption  (!M0 2  =  2.36  x  101 7  molecules/cm2) 

Figure  8.  Example  of  transmission  measurements  for  NO  (0,0)  7-band, 
as  obtained  with  a  1-m  spectrometer  having  an  equivalent  slit 
width  of  0.03  A. 
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2,200  2,210  2,220  2,230  2,240  2,250  2,260  2,270  2,280 

Wavelength,  A 

Figure  9.  Example  set  of  transmission  measurements  for  NO  (0,0)  7-band, 
as  obtained  with  a  1/2-m  spectrometer  having  an  equivalent  slit 
width  of  1.6  A. 
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conditions  of  pressure,  temperature,  and  KO  concentra¬ 
tion  in  the  cell. 

(2)  By  using  the  computer  simulation  of  spectra  described  in 
Ref.  1  and  utilizing  Eq.  (14),  a  series  of  calculated  trans¬ 
mitted  spectra  for  many  values  of  a'  was  obtained  for 
several  values  of  KO  concentration,  temperature,  and  with 
the  spectrometer  slit  width  identical  to  that  used  in  the 
laboratory  experiments.  An  example  synthetic  spectrum 
for  the  high  resolution  simulation  is  shown  in  Fig.  10,  and 
an  example  for  the  low  resolution  simulation  is  shown  in 
Fig.  11.  The  computer  program  for  spectral  simulation  is 
presented  in  Appendix  A. 

(3)  By  comparing  the  laboratory  spectra  taken  at  a  given  set  of 
pressure,  temperature,  and  concentration  conditions  in  the 
absorption  cell  with  the  computer  simulated  spectra,  which 
was  calculated  for  the  same  conditions  and  at  various  values 
of  a  ' ,  the  value  of  a'  which  best  matches  the  experimental 
result  was  determined.  The  procedure  is  illustrated  by  com¬ 
paring  Fig.  8  with  Fig.  10  and  Fig.  9  with  Fig.  11.  The 
computed  spectra  led  to  values  of  transmission  for  varying 
values  of  a',  as  illustrated  in  Fig.  12,  which  is  taken  from 
the  second  band-head  transmission  for  various  a' values  in 
Fig.  11.  The  values  of  a'  in  Figs.  10  and  11  were  the  values 
which  gave  the  best  match  between  the  measured  and  computed 
spectra.  The  values  were  chosen  in  this  way  so  that  the  read¬ 
er  might  make  a  direct  comparison  of  the  simulated  and  meas¬ 
ured  spectra.  In  practice,  the  a'  values  for  a  particular 
experimental  condition  were  obtained  from  plots  like  Fig.  12, 
which  were  obtained  from  simulated  spectra  over  a  range  of 
arbitrarily  selected  values  of  a  ' . 

The  results  obtained  from  the  high  resolution  spectral  absorption 
measurements  are  summarized  in  Table  1,  and  the  results  from  the  low 
resolution  data  are  summarized  in  Table  2,  For  the  high  resolution 
data,  eight  individual  lines  were  selected  for  determining  the  values  of 
Cj.  These  lines  are  numbered  in  Table  2  to  correspond  to  Figs.  8  and 
10.  For  the  low  resolution  data,  the  transmission  at  the  second  band- 
head  as  marked  in  Figs.  9  and  11  was  used  for  determining  the  values 
of  a '  . 
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2267.59 


2269. 


2265. 90 
Wavelength.  A 

Figure  10.  Example  of  computed  transmission  for  NO  (0,0)  7-band 
for  an  equivalent  spectral  slit  width  of  0.03  A  and  at 
conditions  corresponding  to  Fig.  8. 
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Figure  11.  Example  set  of  computed  transmission  for  NO  (0,0)  7-band 
for  an  equivalent  spectral  slit  width  of  1.6  A  and  at 
conditions  corresponding  to  Fig.  9. 
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Figure  12.  Calculated  transmissivity  (t)  of  the  second  band  head  of  the 
{0,0}  NO  7-band  as  a  function  of  the  line  broadening 
parameter  (a'). 


Table  1.  Determination  of  Broadening  Parameter  (a')  from  Resolved 
Lines  of  the  (0,0)  Band  of  the  NO  7-System 


Aosorbing  Medium  Parameters 

t 

NO, 

Pressure, 

Temperature. 

.Molecul-es/ciTt^ 

atm 

K 

1 

2. 5  a 

10!5 

3 

500 

422 

0.  64 

4.  4 

2 

0.  73 

4.  6 

a 

0.  70 

4.  5 

1  4 

0.  67 

4.  4 

5 

0.  6S 

4.  4 

e 

0.  85 

4.  6 

? 

0.  a 2 

4.5 

a 

0.  76 

4.  6 

20.  32 

1016 

1.500 

422 

0  19 

4.  5 

2 

0.  28 

4.  6 

3 

0.25 

4.  6 

4 

0.  21 

4.  0 

5 

0.21 

4.  3 

6 

0.  51 

4.  9 

7 

0.45 

4.  8 

a 

0.  27 

4. 1 

1 

L  a 

id15 

0.  102 

296 

0.  65 

0.  B 

2 

0.86 

0  7 

3 

0.  54 

0.  7 

4 

0.52 

0.5 

5 

0  51 

0.  5 

6 

0.  B4 

0,  5 

7 

0,  78 

o.a 

6 

0. 50 

0.  V 

28 


AEDC-T  R-76-1 2 


Table  2.  Determination  of  Broadening  Parameter  (a')  from  the  Unresolved 
(0,0)  Band  of  the  NO  7-System 


Absorbing  Medium  Parameters 

T,  Second  Band 
Peak 

a' 

NO, 

Molecules/cm3 

Pressure, 

atm 

Temperature, 

K 

1. 33  x  1015 

mom 

422 

0.  465 

0.  50 

422 

0.  591 

1.  28 

flESBS 

422 

0.710 

2.  48 

1.034 

422 

0.  777 

3.  80 

7. 52  x  1013 

0.  721 

744 

0.977 

1.  00 

1.  362 

744 

0.  9.88 

2.65 

1.  36  x  10*4 

0.  190 

411 

0.  900 

0.30 

0.395 

411 

0.  942 

1.  18 

0.  707 

411 

0.  965 

2.  54 

3.  314  x  1014 

0.  190 

422 

0.  792 

0.  34 

0.395 

422 

0.  870 

1.  26 

0.  721 

422 

0.920 

2.  63 

1.034 

422 

0.  936 

3.  70 

2.  75  x  1015 

422 

0.  323 

1.  00 

422 

0.436 

1.  B4 

422 

0.526 

2.  74 

422 

0.  586 

3.  55 

1.61xl015 

0.  408 

744 

0.498 

0.  34 

0.  721 

744 

9.658 

1.  21 

1.  034 

744 

0.752 

2.  22 

3.  91  x  10lS 

0.  395 

296 

0,  270 

1.95 

0.  707 

296 

0.  330 

2,75 

1.020 

296 

0.402 

3.  77 

1. 350 

296 

0.468 

5.  18 

1. 89  x  1015 

0.  190 

296 

0.  370 

1.  03 

0.  395 

296 

0.  450 

1.  65 

0.  707 

296 

0.  600 

3.  35 
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The  tabulated  values  of  a  'are  plotted  as  a  function  of  the  ratio 
p/T  in  Fig.  13,  and  a  straight  line  given  by  a  least  mean  square  fit 
is  drawn  through  the  points.  The  value  of  C  in  Eq.  (27)  (shown  as 
C j )  is  equal  to  the  slope  of  the  line  in  Fig.  12.  For  the  (0,  0)  7-band 
of  NO,  C  is  found  to  be  1,  270  ±  200  K/atm.  From  Eq.  (28),  the 
value  of  the  optical  cross  section  (cr2)  is  found  to  be  (9.  5  ±  1.  5)  x  10'  16 
cm^.  The  optical  diameter  is  3.  5  ±  0.  3  A  approximated  by  Thorsen 
and  Badger  in  Ref.  2  from  the  experimental  work  carried  out  by  Weber 
and  Penner  (Ref.  11). 


4.0  DISCUSSION 


The  major  use  for  the  work  reported  herein  is  to  determine 
calibration  curves  for  the  transduction  of  transmission  measurements 
of  KO  7- band  radiation  through  media  containing  NO  to  the  number 
density  of  NO  in  the  media.  Such  calculations  are  used  to  extend  lab¬ 
oratory  calibrations  at  limited  pressures  and  temperatures  to  a  wider 
range  of  values;  thus  accurate  values  of  the  broadening  parameter 
becomes  a  necessity.  An  application  of  the  use  of  the  calculations  to 
a  measurement  situation  is  described  in  Ref.  12,  where  calibration 
curves  are  generated  for  absorption  through  the  exhaust  of  a  turbine 
engine  burner  at  temperatures  well  above  those  possible  in  a  labora¬ 
tory  absorption  cell. 

The  uncertainty  in  values  of  a'  projects  the  uncertainty  in  the 
final  values  of  concentration  determined  from  the  7-band  absorption 
measurements.  The  estimated  uncertainty  in  the  values  of  a'  given 
in  Fig,  13  is  about  ±16  percent.  When  this  value  of  uncertainty  is 
used  to  determine  the  density  of  absorbers,  the  projected  uncertainty 
in  the  density  is  about  ±10  percent  and  constitutes  the  principal  uncer¬ 
tainty  in  the  resonance  absorption  technique  for  concentration  meas¬ 
urements  through  uniform  media.  A  more  accurate  value  of  a  '  would 
correspondingly  reduce  the  possible  uncertainty  in  measuring  the 
concentration  of  NO.  However,  experimental  errors  in  measurements 
of  this  nature  would  probably  limit  the  uncertainty  to  no  better  than 
±5  percent  so  that  pursuit  of  a  better  value  for  the  constant  C  is 
probably  not  warranted  for  purposes  of  measurement. 

The  experimental  work  from  which  the  determination  of  a'  was 
made  utilized  mixtures  of  NO  in  N2.  Thus,  the  foreign  broadening 
gas  is  N2.  The  question  arises  as  to  whether  other  gases  which  might 
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Figure  13.  Values  of  the  spectral  broadening  parameter  (a')  as 
a  function  of  p fT  for  the  (0,0)  7-band  of  NO  as 
obtained  by  comparing  experimental  data  with 
computed  data. 
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be  found  in  combustion  gas  streams,  such  as  C02,  H20,  CO,  etc.  , 
might  have  significantly  different  broadening  cross  sections.  Based 
on  the  results  presented  in  Ref.  5  for  CO,  the  broadening  cross 
section  for  NO  is  not  believed  to  be  significantly  different  for  other 
molecules  than  for  N2.  Experience  with  measurements  in  absorption 
cells  located  in  sample  lines  in  which  measurements  of  NO  concen¬ 
tration  made  by  other  means  agreed  well  with  the  values  obtained  by 
the  absorption  technique  (Ref.  12)  also  gives  confidence  to  the  uni¬ 
versality  of  the  broadening  parameter  with  different  molecules. 

The  indirect  method  of  determining  the  broadening  parameter 
used  in  this  study  is  believed  to  be  a  valid  alternative  to  the  use  of 
high  resolution  spectroscopy  to  measure  line  shapes  and  thus  deter¬ 
mine  the  parameter  directly.  However,  the  method  requires  the  use 
of  a  good  model  for  the  radiation  source  and  for  the  absorbing  media, 
and  a  high  speed  digital  computer  to  accomplish  the  complex  numeri¬ 
cal  calculations. 

Finally,  a  significant  result  of  the  work  reported  herein  is  the 
improved  value  of  the  effective  cross  section  (or  diameter)  for  col- 
lisional  broadening  of  the  ground  state  energy  levels  of  NO.  The 
value  of  the  effective  broadening  collision  diameter  (3.  5  ±  0.  3  A) 
determined  in  this  work  offers  considerable  improvement  in  uncer¬ 
tainty  over  the  best  known  previous  estimate  of  Thorsen  and  Badger 
(Ref.  2)  of  3.  8  ±  1  A. 
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APPENDIX  A 

COMPUTER  PROGRAM  FOR  THE  CALCULATION  AND  SIMULATION  OF  THE 
NO  (0,0)  7-BAND  SPECTRA  TRANSMITTED  THROUGH 
AN  ABSORBING  MEDIUM 


The  computer  program  included  in  this  appendix  was  developed 
to  calculate  the  transmission  of  a  band  of  spectral  lines  from  a  partic¬ 
ular  molecule  through  an  absorbing  medium  containing  the  same  molec 
ular  species.  The  approach  may  be  used  for  any  molecule,  but  the 
line  structure  and  angular  momentum  coupling  are  so  different  for 
each  species  that  a  separate  program  is  usually  needed  for  each 
molecular  species.  In  this  appendix,  the  computational  procedure  is 
described  for  the  NO  molecule. 


DESCRIPTION 


The  program  is  separated  into  two  steps.  Step  1  records  all 
input  data  and  computes  the  transmission  of  the  radiation  due  to  each 
source  line.  Step  2  processes  these  data  and  generates  the  simulated 
spectrometer  output  signal.  The  program  is  currently  being  run  on 
the  IBM  370-165  computer;  X-Y  plotter  data  are  presented  on  the 
CALCMP  7  65  plotter. 

PROGRAM  STEP  1 

The  first  program  step  is  divided  into  four  parts: 

Part  1  —  Input  Data 

Part  1  contains  the  various  COMMON  and  DIMENSION  statements 
for  the  program.  If  more  than  500  emission  lines  are  to  be  considered, 
a  modification  of  the  program  would  be  necessary.  Values  of  AA,  a', 
Ta,  Ts,  and  B.  and  various  plot  control  parameters  are  input.  Details 
of  the  input  data  and  format  are  discussed  in  the  following  paragraph. 

Part  2  —  Spectral  Line  Calculation 

Cards  identifying  each  emission-line  to  be  considered  are  read. 

For  each  line,  the  rotational  energy  of  the  upper  electron  state  F(J') 
is  computed  via  SUBROUTINE  FUPPER,  and  the  rotational  energy  of 
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the  lower  rotation  state  F(J'')  is  computed  in  SUBROUTINE  FLOWER. 
The  Honl-London  factor  is  then  computed  in  SUBROUTINE  HONNUM. 
The  value  of  Iy?  is  found  by  interpolation  from  Fig,  7.  The  curve  in 

Fig.  7  is  an  input  to  the  program. 

For  the  (0,  0)  y-Band  of  NO,  the  values  of  k„°  are  given  by  Eq.  (20) 
and  are  computed  in  Part  2. 

Part  3  —  Line-By-Line  Transmission  Calculation 


In  Part  3,  the  transmission  (Eq.  (13))  is  evaluated  for  each  line. 
Since  ky  is  a  function  of  v,  many  time-consuming  evaluations  of  kj, 
are  apparent.  In  fact,  if  there  are  n  nodes  used  in  the  numerical 
integration,  then  nm^  evaluations  are  required  where  m  is  the  number 
of  lines  being  considered.  If  the  program  variable  ALLOW  is  set  to 
zero,  the  program  will  sum  over  all  the  lines,  i.  e. , 


m 

*  kv. 
1=  1  1 


(A-l) 


To  save  time  (although  at  the  expense  of  some  accuracy),  another 
option  is  available.  This  option  is  selected  by  setting  ALLOW  >0. 

By  considering  the  jth  spectral  line,  the  sum  Ekj,.  is  written  as: 


2  k. 


j+ju 

2 

>=j 


+ 


J“J£ 

2 

i=j-i 


(A-2) 


Note  that  the  index  in  the  second  sum  decreases.  The  indices  ju  and 
je  are  chosen  so  that  the  contributions  of  the  (j  +ju)^1  and  (]  "  je)**1 
lines  are  as  small  as  desired.  The  exact  criterion  used  is 


and 


2 

H 


Vi 


<  ALLOW 


(A-3) 


J-)£ 

2 

H-i 


<  ALLOW 


(A-4)  ' 


a 

In  effect,  only  those  lines  in  a  chosen  neighborhood  of  Vj  are 
considered. 
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If  a'  =  0,  no  collision  broadening  is  considered  and  kj^  is  calcu¬ 
lated  from  Eq.  (10).  If  a'  >  0,  then  must  be  given  by  Eq.  (A-4). 

Subroutine  WFUNC  evaluates  the  function 

Rkxp  +  ia')2]  erfc  [—  icj j  +  a'] 

which  is  contained  in  Eq.  (9)  and  leads  to  the  determination  of  kyj. 

The  subsequent  evaluation  of  the  integral  in  Eq.  (13)  is  done  numeri¬ 
cally  using  the  trapezoidal  rule. 

Part  4  —  Data  Storage 

This  part  writes  program  control  data  as  well  as  wavenumber 
and  source  line  transmission  data  onto  a  disc  file  for  passage  to 
Step  2. 

PROGRAM  STEP  2 

Step  2  performs  the  plotting  functions  of  the  program.  The 
mathematical  and  physical  considerations  are  presented  in  detail 
in  Ref.  1. 

The  program  first  reads  in  the  various  control  parameters  from 
Step  1.  Then,  the  first  set  of  values  of  Uj  and  Tj  are  read  in.  These 
data  correspond  to  the  first  value  of  N0  supplied*  to  Step  1.  All  follow¬ 
ing  curves  will  be  plotted  according  to  the  scale  factor  determined 
from  the  initial  case.  Generally,  the  case  N0  =  0  (no  absorption)  is 
calculated  first,  and  all  other  plots  are  referenced  to  this  case 
(Fig.  1). 

If  IPLOTl  =  1,  then  zero  slit  width  plots  are  produced 
(Fig.  2). 

If  IPLOT2  =  1,  a  separate  plot  is  produced  for  each  value  of  No 
as  well  as  the  final  combined  plot. 

The  conglomerate  spectral  profile  is  constructed  as  follows: 

A  line  with  a  height  proportional  to  the  spectral  intensity  is  drawn 
at  X^  +  1/2  AX^  for  each  spectral  line  and  a  triangular  slit  function 
of  base  width  2AX£  is  constructed  about  that  line.  To  arrive  at  the 
conglomerate  profile,  the  contributions  from  each  line  at  a  given 
value  of  X  are  simply  added. 
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PROGRAM  VARIABLE  DESCRIPTION 

The  following  variables  are  used  in  the  program: 


Mathemat  ical 
Symbol 

Program 

Variable 

-  , 

T- 

J 

TJ(J) 

O 

"j 

WO(J) 

^s^D 

DWJ 

(Aa^)D 

DWL 

E(J) 

EO(J) 

1 

kvL 

CAY(I) 

Si 

EL 

* 

a 

AP 

Ts 

TE 

Ta 

TA 

AA 

SLIT 

No 

ENO 

/ 

V 

IVU 

V" 

IVL 

J" 

RJPP 

Usage 

Transmission  of  spectral  line,  j 

Center  wavenumber  of  jth  spec¬ 
tral  line 

Doppler  width  at  half  maximum 
intensity  of  jth  spectral  line 

Doppler  width  at  half  maximum 
absorption  coefficient  kv?  of  the 
absorption  line  ** 

Intensity  of  source  spectral  line 

Intensity  of  source  spectral  line 
at  center  wavenumber 

Absorption  coefficient  for  the  ith 
line 

Absorption  path  length 
Collisional  broadening  parameter 
Source  gas  temperature,  K 
Absorber  gas  temperature,  K 
Equivalent  slit  width 
Total  number  density 
Upper  vibrational  state 
Lower  vibrational  state 
Lower  rotational  state 
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Mathematical 

Symbol 

Program 

Variable 

W(I) 

NUP 

NLO 

BRANCH 

IPLOT  1 

IP  LOT  2 

YHGT 

DELPLT 

SJ  "J  ' 

S(J) 

F(J') 

FU 

F(J"> 

FL(J) 

ALLOW 

m 

N  LINES 

Usage 

Nodes  for  numerical  integration 
(Eq.  (1» 

Upper  spin  state 

Lower  spin  state 

Line  branch  designation 

For  zero  slit  width  plots,  set 
IPLOT1  =  1  otherwise  =  0 

For  separate  N0  plots,  set 
IPLOT2  =  1,  otherwise  =  0 

Maximum  height  of  spectral  plots, 
in. 

Scale  for  abscissa  of  spectral 
plots,  A°/in. 

Honl-London  factor  for  jth  line 

Rotational  energy  of  the  upper 
electron  state 

Rotational  energy  of  the  lower 
rotational  state 

Relative  error  (see  Eq.  (10)) 

Number  of  emission  lines 
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DATA  INPUT 


All  data  is  input  to  Step  1. 


CARDS  1 


FORMAT  (2F10.  0) 


Column  1  F(J') 


Column  11  T ') 

j  j  j 


The  first  cards  expected  by  the  program  are  values  of  (Iy<?/5T  „  ') 

]  J  J 

versus  Fu^  one  data  pair  per  card.  The  cards  should  be  arranged 
J 

in  order  of  increasing  Fu-.  A  blank  card  must  follow  the  final  data 
card  of  this  group.  The  data  for  the  source  lamp  used  in  the  meas¬ 
urements  shown  in  this  report  are  given  in  Table  A-l. 


CARD  2  TITLE  CARD  FORMAT  (20A4) 


This  card  should  contain  any  title  information  the  user  wishes  to 
use  for  plot  identification. 


CARD  3 

DELPLT 

FORMAT  {F10.  0) 

CARD  4 

SLIT 

FORMAT  (F10.  0) 

CARD  5 

AP 

FORMAT  (F10.  0) 

CARD  6 

TA 

FORMAT  (F10.  0) 

CARD  7 

TE 

FORMAT  <F10.  0) 

CARD  8 

EL 

FORMAT  (F10.  0) 

CARD  9 

YHGT 

FORMAT  <F10.  0) 

CARD  10 

IPLOT1 

FORMAT(Ul) 

CARD  11 

IPLOT2 

FORMAT  (ID 

^  CARDS  12 

FORMAT  (3X,  Al,  211, 

IX,  F4.0,  IX,  FIDO) 

These  cards  are  those  which  describe  the  spectral  lines  to  be 
considered. 
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COLUMN  4 

BRANCH  (P,  Q,  or  R) 

FORMAT 

A1 

COLUMN  5 

NUP 

FORMAT 

11 

COLUMN  6 

NUPP 

FORMAT 

11 

COLUMN  8-11 

RJPP 

F4.  0 

COLUMN  13-23 

WO 

Fll.  0 

These  cards  must  be  arranged  in  order  of  increasing  wave- 
number  WO.  A  blank  card  must  follow  the  last  line  description  card. 
The  data  for  the  NO  (0,  0)  7-Band  are  given  in  Table  A-2. 

CARDS  13  FORMAT  (F10.  0) 

These  cards  contain  the  values  of  ENO  to  be  considered.  All  plots 
will  be  scaled  to  the  plot  representing  the  first  value  of  ENO  in  this 
group. 


SAMPLE  CASE 


The  case  to  be  considered  here  is  the  (0,  0)  NO  7-band  with 
collisional  broadening  considered.  The  following  values  will  be  used: 


a '  = 


YHGT  = 
DELPLT = 


1.5 
420  K 

320  K 
91  cm 

o 

1.6  A 

0-,  1  x  1015, 
10  in. 

6  A/in. 


x  10 16  cm*3 


The  equations  and  constants  used  for  computing  the  upper  and 
lower  energy  states  and  the  Honl-London  factors  are  discussed  in 
Ref.  3  and  are  repeated  here  for  completeness. 
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For  the  upper  state  (SUBROUTINE  FUPPER), 


where 


F'  =  t;  +  Gy  -  F'  n  =  1,2 

T'  =  43965.7  cm'1 


where 


G'  =  <«>'(v'+  1/2)  -  <ue*;(v'-r  1/2)2 

=  2374.8  cm'1 
=  16.46  cm'1 


F{  =  B;(J'+ l/2)(J'-l/2)  +  D;(J'+  1/2)2(J'- 1/2)2 
Fj  =  B;(J'+  l/2)(.r+  3/2)  -  D;u%  1/2)  ^J'- 3/2)2 

b;  =  b;  -  a;(v'+  1/2) 

where  B'  =  1.9977  cm"1 

a;  =  0.0198  cm'1 
D;  =  -6.2  x  10'6  cm'1 

For  the  lower  state  (SUBROUTINE  FLOWER), 

F'  =  t;  +  G'  +  F;  n  =  l,  2 

T*  =  G"  =  0 


where 


and 


Ff  =  B;[(J'+  1/2)2  -  1  -  u]  +  D;r4 

Fa  =  b;[(j'+i/2)2  -  1  +  n]  +  d;(j'+d4 
■  -  [<•>'*  "a2  -  y^1-tl)] 

Y  =  A  /  B  * 

V  V 

A  =  124.2  cm'1 
B;  =  B;  -  a"(v'+  1/2) 

B "  =  1.7046  cm'1 
a"  =  0.0178  cm'1 
D  v  =  -4.8  x  10'6  cm'1 
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The  Honl-London  factors  are  given  in  Table  A- 3. 

The  emission  lines  being  considered  can  be  read  from  the 
data  card  listing  which  follows.  The  plots  produced  by  this  case  are 
shown  in  Fig.  A-l.  Many  other  calculations  as  well  as  comparisons 
between  actual  and  computed  spectra  are  presented  in  Ref.  1  .- 
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o 

Wavelength,  A 


Figure  A-1.  Spectral  test  case. 
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Table  A-1.  Data  Cards  for  Sample  Case 


p —  Column 

1 

48600. 

.0218 

48700. 

.0198 

1 

48800. 

.018 

45100. 

1.25 

48900. 

.0  165 

45  20  0  . 

.92 

49000. 

.015 

45300. 

.63 

49100. 

.0138 

45400. 

.  54 

49200. 

.0126 

45500. 

.45 

49300. 

.0115 

45500. 

.  33 

49400. 

•  OIOS 

45700. 

.  33 

49500. 

.0097 

45800. 

.  28 

49600. 

.0088 

45900. 

.255 

49700. 

.  0081 

46000. 

•  23 

49800. 

.0074 

46100. 

.208 

49900. 

•  0068 

46200. 

•  19 

50000. 

.  0062 

46300. 

.  1  75 

50100. 

.0056 

46400. 

.  15  8 

50200. 

.0052 

46500. 

.  145 

50300. 

.0047 

46600. 

.  1325 

50400. 

.0043 

46700. 

.  12 

50500. 

.0039 

46800. 

.  1  1 

50600. 

.0036 

46900. 

.  1 

50700. 

.0  033 

47000. 

.0  92 

50800. 

.003 

47100. 

•  084 

47200. 

«  077 

47300. 

.07 

47400. 

.  064 

47500. 

•  058 

47600. 

.053 

47700. 

•  049 

47Q00. 

.  044 

47900. 

•  041 

48000. 

.  037 

48100. 

.034 

48200. 

.031 

48300. 

.0285 

48400. 

•  026 

48500. 

.  023  B 
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Table  A-2.  Spectra  Test  Case 


Blank  Card 

SPECTRA  TEST  CASE 

6. 


1.6 
1 .5 


*2  0 
320 

9  1  . 
10. 
0 
0 


i —  Branch  (Column  4) 

NUP  (Column  5) 

NUPP  (Column  6) 

|  |  [—RJPP  (Column  8-11) 


I — N1 


P  1  2(  10.5)  44052.03 

P12(11.5)  44052.03 

PI2(  9.5)  44052.03 

PI  2(  12.5)  44052. 7S 
P12C  0.5)  44052 . 78 
P  l  2( 13.5)  44054.22 

P12(  7.51  44054.22 
P  12(1  4.  5)  44  056.16 
P 1 2 (  6.5)  44056.49 
P12( 15.5)  44050.33 
PI 2 (  5.5)  44058.00 
P12( 16.5)  44061.30 
P12(  4.5)  44061.77 

P12( 1 7. 5)  44064.66 

P 1 2 (  3.5)  44065.40 
PI  2(  18.5)  44060.69 

P 1 2 (  2.5)  44069.60 
P12{ 19.5)  44073.21 
P 1 2 (  1.5)  44074.26 

P22(  3.5)  44077.50 
P22(  4.5)  ~44  077 . 95 
P  22{  2.5)  44077.95 
Q 1 2 (  4.5)  44077.95 
O 12(  2.5)  44077.95 
P 1 2 ( 20.5)  44078.59 
P22(  5.5)  44078.59 

P 22 (  1.5)  44078 .59' 

Q12(  5.5)  44078.59 
O 1 2(  1.5)  44078.59 

P22(  6.5)  44000.32 
Q 1 2 (  6.5)  44080.32 
P22(  7.5)  44082.33 
Q 1 2 (  7,5)  44082.33 
P 1 2( 2 1 • 5)  44084.33 

P22(  8.5)  440  84.83 

Q12(  8.5)  44084.83 
0  22 (  1.5)  44086.15 


R12{  1.5) 

P22(  9.5) 
Q 1 2 (  9.5) 
Q 22 (  2.5) 
R12(  2.5) 
P12( 22.5) 
P22( 10.5) 
<9  1  2(  10.5) 
Q22(  3.5) 
R12(  3.5) 
P22(  11.5) 
01  2(  11 .5) 
R  22  (  1.5) 

PI  2(23. 5) 
Q22 (  4.5) 
R12(  4.5) 
P22( 12.5) 
Q  1 2 ( 12.5) 
0  221  5.5) 
R 1 2 (  5.5) 
P12(  24.5) 
P  22 (  13.5) 
Q12( 13.5) 
R22(  2.5) 

Q22  ( _ 6.5) 

R12C  6.5) 
P22( 14.5) 
Q12( 14.5) 
P.l  2(25.5) 
R22(  3.5) 
Q22(  7.5) 
R  1 2 (  7.5) 
P22(  1  5.5) 
0  1  2( 15.5) 
P12(26.5) 
Q22(  8.5) 

R 1 2 (  8.5) 
R  22 (  4. 5) 

P22(  16.5) 
O  I  2  (  16.5) 
02 2 f  9.5) 
R 1 2 (  9.5) 

P  I  2(  27.5  ) 
R 22 (5.5) 
P22( 17.5) 
012(17.5) 
Q22( 10.5) 
R 12(1 0.5) 


44086.15 
44087.98 
44087.98 

44089.56 

44009.56 
44090.28 

44091.56 
44091.56 
44093.39 
44093.39 
44095.70 

44095.70 
44096. 82 
44097.18' 
44097.68 
44097.60 
44100.45 
44100.45 
44102.72 

44102.72 

441 04.59 

44105.72 
44105.72 
441 05.72 
44108.1 7 
44108. 17 
44111.50 
44| 1 1 . 50 
44112.34 

44113.52 
44M4.15 

44 114. 15 
441  17.84 
441  17.34 

441 20. 71 
44120.71 
44120.71 

44121 .52 
44  1  24 . 74 
44124.74 
44J27.  68 

44127.60 
441 29.96 
44 130.42 

44 1 32. 16 

44132.16 
44135.31^ 
441 35. 31 
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P12( 28.5) 
P22( 18.5) 
Q1  2< 18. 5) 
R 22 (  6.5) 
Q22( 11.5) 
R 1 2  C  11.5) 
P  22  (  19.5) 
0  l  2 {  19.5) 
P 12< 29.5) 
R22<  7.5) 
0221 12. 5) 
R 121 12.5) 
P22C  20.5) 
01  2(20.5) 
P 1 2 ( 30 • 5 ) 
R22(  8.5) 

Q  2? { 13.5) 
R  1  2(  1  3.  5) 
P22( 21.5) 
012(21.5) 
022 ( 14.5) 
R  1  2 (  14.5) 
«22(  9.5) 
Plt(  9.5) 
P  1 1  (  8.5) 
P22(  22.5) 
Q 1 2( 22.5) 
Pill  10.5) 
Pll(  7.5) 
PI  1 ( 1 1 .5) 
PHI  6.5) 
PU  (  12.5) 
P1K  5.5) 
Q22C 15.5) 
R 1 2 ( 15.5) 
R22(  10.5) 
PI  1 (  1 3. 5) 
Pill  4.5) 
P 1 2( 32.5) 
P  1 1 ( 1 4.5} 
Pll(  3.5) 
P22( 23.5) 
Q12( 23.5) 
PI  1( 15.5) 
P 1 1 (  2.5) 
Q22 ( 16.5) 
R  1  2  (  16.5) 
PI 1( 16.5) 


Table  A-2.  Continued 


44140.1 3 

44 140. 13 

44140.13 

44140.13 
44143.44 
44143.44 

44148.68 

44148.68 
44149.83 
44149.83 
44152. I  7 

44152. 17 

44157.73 

44157.73 

441 60.46 

44160.46 
44161.32 
44161.32 
44167. 31 
44167. 31 

44171.19 

44171.19 

44171.19 
44176.85 
44176.85 
44  1  7  7.28 

44177. 28 
44 177.2B 

44177.28 
44 178.53 
44178.53 
441 80.58 
44180.58 

44181.38 

441 81.38 
44183.02 
44183.02 
441 83.02 
44 1 84. 08 
44186.07 
441  86.  07 
44188.16 
44188.16 

44189.80 
44189.60 

44192.1 8 

44192.18 

44194.29 


P1H  1.5) 
R22(  11.5) 
P 1 2(  33. 5) 
Q1M  2.5) 
P2 1 {  2.5) 
OIK  3.5) 
P  2 1 (  3.5) 

OIK  1.5) 
P21{  1.5) 

P22C  24.5) 
012(24.5) 
Pill  17.5) 
Oil  (  4.5) 
P21(  4.5) 
OIK  O.S) 
P21 (  0.5) 
OIK  5.5) 
P2M  5.5) 
OIK  6.5) 
P2K  6.5) 
022(17.5) 
R 1 2( 17.5) 
Rll(  0.5) 
02 1 (  O.S) 
P  1 1(  18.5) 
Q1K  7.5) 
P  2 1 (  7.5) 
Rill  1.5) 
02  1  (  1.5) 

R22(  12.5) 
Q1K  8.5) 
P2K  8.5) 
R 1 1 (  2.5) 

Q21(  2.5) 
R21(  0.5) 
P22( 25.5) 
012(25.5) 
P  1 1  (  1 9  . 5) 
OIK  9.5) 
P21<  9.5) 
R 1 1 (  3.5) 
02  K  3.5) 
Q  22 (  18.5) 
R12(  18.5) 
011(10.5) 
P2l(  10.5) 

R  2 1  (  1.5) 

P 1 i( 20.5) 


44194.29 
44 194 .93 
44195.91 

441 97.98 

44 1 97. 98 

44 1 97. 98 

441 97. 98 

44197.98 

44197.98 

44199.21 

44199.21 

44199.21 

44199.21 

44199.21 

44199.21 

44199.21 

44200.13 

44200. 13 
44202.36 
44202.36 

44203.49 

44203.49 

44203.49 

44203.49 
442  04 . 96 
442  04.  96 
44204.96 
44206. 03 
44206.03 

44207.81 

44208.38 

44208 . 38 

44209.69 

44209.69 

44210.69 
4421 1 ,2t 

442 1 1 . 2 1 

44211.21 
44212.25 
44212.25 

44213.81 

44213.81 

44215.46 

44215.46 
44217. 00 
44217.00' 
4421 7.60 

44217. 73 
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Table  A-2.  Continued 


R  1  K 

4 

.5) 

44218.55 

Rl  1C 

10.5) 

44260.93 

<3  21  t 

4 

.5) 

44218.55 

021  ( 

10.5) 

44260.93 

R  22  ( 

13 

.51 

44220.78 

R21  C 

6.5) 

44261.79 

Q  1  1  ( 

1  1 

.5) 

44222.24 

P22t 

29.  5) 

44264.24 

P21I 

1  1 

.  5} 

44222.24 

Q  1  2  ( 

29.51 

44264.24 

P22  { 

26 

.5} 

44223. 95 

R  22  ( 

16.51 

44264.24 

Q  1  2  ( 

26 

.5) 

44223.95 

OIK 

17.5) 

44266.44 

RIM 

5 

.5) 

44223.95 

P2K 

17.5) 

44266.44 

Q2K 

5 

.5) 

44223.95 

0  22  ( 

22.5) 

44268.65 

R2  1  ( 

2 

.5) 

44225.14 

R  121 

22.5) 

44268.65 

PI  1C 

21 

.  5) 

44225.26 

Rl  K 

11.5) 

44269.92 

Q22( 

19 

•  5) 

44228.00 

02  1  ( 

11  .5) 

44269.92 

R  1  2 1 

19 

•  5) 

44228.00 

PIK 

26.5) 

44271 .53 

am 

12 

•  51 

44228.00 

R  2  1  ( 

7.5) 

44272.49 

P21C 

12 

•  5) 

44228.00 

OIK 

18.5) 

44275.98 

R  11( 

6 

.5) 

44230.23 

P21  ( 

18.5) 

44275.98 

Q  2  1( 

6 

.5) 

44230.23 

P  22  ( 

30.5) 

44278.96 

PIK 

22 

.  S) 

44233.24 

0  1  2  ( 

30.5) 

44278.96 

R21{ 

3 

.  5) 

44233.31 

R22C 

17.5) 

4427B.96 

R221 

14 

.  5) 

442  34.47 

Rill 

12.5) 

44279.65 

Q  1  1  ( 

1  3 

•  51 

44234.47 

02 1{ 

12.51 

44279.65 

P2I  ( 

l  3 

.5) 

44234.47 

PIK 

27.5) 

44282. 6P 

P22( 

27 

.51 

44236.86 

Q  22  ( 

23.5) 

44283.28 

Q  1  2  ( 

27 

.5) 

44236.86 

R  1  2( 

23.  5) 

44283.28 

R  1  1  ( 

7 

.51 

44236.86 

R21  ( 

8.5) 

44283.28 

021  I 

7 

•  51 

44236.66 

Q1K 

19.  5) 

44286. 1 0 

Q22  ( 

20 

.  51 

44241 . 13 

P  2  K 

19.5) 

44286.  1  0 

R  1  2  ( 

20 

.  5) 

44241 .13 

Rl  1C 

1  3.5) 

44290.12 

Pll( 

23 

.5) 

44241 .68 

Q2K 

13.5) 

44290. 12 

Q  1  1( 

14 

.51 

44241.68 

P  22  ( 

31.5) 

44294.38 

P2i( 

14 

•  51 

44241 .68 

Q  1  2  < 

31.5) 

44294. 38 

R  21  I 

4 

.51 

44242 . 1 1 

R22C 

1  6.  5) 

44294.38 

R  1  1  ( 

8 

.5) 

44244.30 

PIK 

28. 5) 

44294.38 

021  ( 

8 

.51 

44244.30 

R21C 

9.5) 

44295.79 

R  22  { 

15 

.5) 

44249. 10 

Q  1  1  ( 

20.5) 

44296.87 

Qll( 

15 

.51 

44249. 10 

P21C 

20.5) 

44296. 87 

P  2 1  ( 

15 

.5) 

44249.1 0 

Q  2  2  { 

24.5) 

44298.56 

P22( 

28 

•  51 

44250.17 

R  1  2  < 

24.5) 

44298.56 

Q  12{ 

28 

.51 

44250.1 7 

Rill 

14.  5) 

44301 • 1 7 

P11C 

24 

.51 

44251.31 

Q21  I 

14.5) 

44301 . 17 

R  1  1< 

9 

.51 

44252. 05 

Pill 

29.5) 

44306.57 

02  l  ( 

9 

•  51 

44252.05 

OIK 

21.5) 

44308.22 

R  2 1  ( 

5 

.51 

44252.05 

P21I 

21.5) 

44308.22 

Q  22  ( 

21 

.  51 

44254.52 

R  21  1 

10.5) 

44308.22 

R  1  2{ 

21 

.51 

44254*52 

P22I 

32.5) 

44309. 89 

0ll( 

16 

.5) 

44257.54 

0  121 

32.5) 

44309.89 

P  2  1  ( 

16 

•  51 

44257.54 

R  221 

19.5) 

44311.13 

Pll( 

25 

.51 

44260. 93 

Rill 

15.5) 

44312.82 
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Table  A-2. 

Continued 

02! ( 15.5) 

44312.82 

0  2 1 ( 20.5) 

44380.21 

022(25.5) 

44314.35 

R21 ( 15.5) 

44380.21 

R 12< 25.5) 

44314.35 

R22( 23.5) 

44382.31 

P 1 1 ( 30 .5) 

44319.69 

Q  22 (29.5) 

44382.93 

011(22.5) 

44320.28 

R12(29.5) 

44382.93 

P21( 22. 5) 

44320.28 

Qi 1 ( 27.5) 

44389.23 

R21 ( 11.5) 

44321.38 

P21 ( 27.5) 

44389.23 

311(16.5) 

44325.12 

P l l ( 35.5) 

44393.03 

021 (16.5) 

44325.12 

R1K21.5) 

44395.56 

P 22 ( 33.5) 

44326.20 

Q21  (  21 . 5) 

44395.56 

012(33.5) 

44326.20 

R2I  (  16.5) 

44396.60 

R22(20. 5) 

44328.22 

P22( 37.5) 

44397. 04 

Q  22 { 26. 5) 

44330.62 

012(37.5) 

44397. 04 

R12( 26.5) 

44330.62 

022 ( 24.5) 

44401.45 

PI  1 ( 31 .5) 

44332.92 

R 12( 24.S) 

44401.45 

011 (23.5) 

44332.92 

R  2 2 (  24.5) 

44401 • 45 

P21C23.5) 

44332.92 

011(28.5) 

44404.77 

R21{  12.5) 

44335.22 

P  2 I ( 28.5) 

44404.77 

Rll  (  17.5) 

44337.97 

PI  1(  36.5) 

44409.50 

Q2 1 ( 17.5) 

44337.97 

R 1 1 ( 22.5) 

4441 1 . 51 

°  22 ( 34.5) 

44343.01 

021  (  22.5) 

4441 1. 51 

012(34.5) 

44343.01 

R  2 1 (  17.5) 

44413.05 

R22( 21.5) 

44345.86 

P22 ( 38.5) 

44416.27 

0  1  1(24.5) 

44345.86 

012(38.  5) 

44416.27 

P2L  (24.5) 

44345.66 

Q 2 2 (  31 .5) 

44420.73 

022(27. 5) 

44347.45 

R  12(  31  •  5) 

44420.73 

R 12( 27.5) 

44347.45 

R  22 ( 25.5) 

44421.02 

PI  1(  32.5) 

44347,45 

01 1(29.5) 

44421 .02 

R2  1  (  13.5) 

44349. 51 

P2K  29.5) 

44421 . 02 

R 1 1 ( 18.5) 

44351 .46 

P 1 1 ( 37.5) 

44426. 61 

021(18.5) 

44351.46 

R 1 1 ( 23.5) 

44428.01 

0  1 1  (25.5) 

44359.81 

Q 2 1  (23.  5) 

44428.01 

P21  125.  5) 

44359. 81 

R21(  18.5) 

44430.56 

P22C35.5) 

44360.38 

P22(  39.5) 

444  35.89 

012(35.5) 

44360.38 

Q  1  2  (  39.5) 

44435.89 

Pll(  33.5) 

44361. 81 

01 1 l 30.5) 

44437.77 

R22( 22.5) 

44363.61 

P21 ( 30.5) 

44437.77 

6 22(28.5) 

44365.00 

Q22(  32.5) 

44440.23 

R 12(28.5) 

44365*00 

R12(  32,5) 

44440.23 

R21  (  I  4.5) 

44365.00 

R22( 26.5) 

44441.26 

R 1 1 ( 19.5) 

44365.55 

Pill  38.5) 

44444.40 

021 ( 19.5) 

44365. 55 

Rll(  24.5) 

44445.05 

011(26.5) 

44374.12 

Q21(  24.5) 

44445.05 

P  21 ( 26 . 5 ) 

44374. 1 2 

R21 ( 19.5) 

44448.65 

P  1  1 ( 34.5) 

44377.09 

011( 31.5) 

44455.09 

P22( 36.5) 

44378.49 

P21  (  31 . 5> 

44455. 09 

0 1 2 ( 36.5} 

44378.49 

0  22 ( 33.5) 

44460.45 

R  1  1 ( 20 .5) 

44380.21 

R 1 2( 33.5) 

44460.45 
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Table  A-2.  Concluded 


R  22 ( 27. 5 )  44462. 07 
Pit  (  39  . 5 1  4*4462 .  71 
HIM  25 .5)  44462.71 

Q2l( 25.5)  44462. 7 l 
R2K20.5)  44467.16 

Q1M32.5)  44473.15 
P21C32.5)  44473.1 5. 

Q 22T347S7 ~ 444 81 *26 
R1 2(34.5)  44481.26 
R1 1(26.5)  44481.26 
◦21(26.5)  44481.26 
R22( 28. 5)  44463.40 
R2K21.5)  44486.41 

011(33.5)  44491.75 
P2K33.5)  44491.75 
R 1 1 ( 27.5)  44500.09 

021(27.5)  44500.09 
022(35.5)  44502.61 

R l  2 (  35.  5)_  44502.61 
R22 ( 29 • 5 )  44505.24 
R2K22.5)  44506.13 

0  11(34.5)  44  510.92 

P2M34.5)  44510.92 
R1K28.5)  44519.47 

021(28.5)  4451  9. _4  7 

022(36.5)  44524.55 

R  12(36*  5)  44524.55 

R2K23.5)  44526.75 

R  22(  30 . 5)  44527.76 

011(35.5)  44530.67 
P2K35.5)  44530.67 

R1 1(29.5)  44539.74 

021(29.5)  44539.74 

022(37.5)  44546.76 
H  12(37.  5)  44546.76 

R2K24.5)  44  547.80 

R22I3I.5)  44550.69 
Q 1 1 ( 36. 5)  44550.89 
P2K36.5)  44550.89 
Rll (30.5)  44560.38 
021(30.5)  44560.38 
022(  38.5)  44569.86 
R  12(38.5)  44  56  9.86 
R2K2S.5)  44569.86 
011(37.5)  44571.93 

P2K37.5)  44571.93 

R  22  (  32 .5)  44574.03 

R1K31.S)  44581.73 


Q2 1 ( 31.5) 

44581.73 

R2  1  ( 26.5) 

44591.53 

Q22(  39.5) 

44593.46 

R 1 2( 39.5) 

44593.46 

Qli( 38.5) 

44593.46 

P21  (  38.  5) 

44593.46 

R22(  33.  5) 

44598,  17 

R 1 1 ( 32.5) 

44603. 58 

Q21(  32.5) 

44603.58 

R21( 27.5) 

44614.41 

011(39.5) 

44615.72 

P21(  39.5) 

44615.72 

R22( 34.5) 

44622.97 

Rll ( 33.5) 

44626.16 

021(33.5) 

44626.16 

R  2 1 ( 28.5) 

44637.85 

R 22(35.5) 

44648.22 

R 1 1  (  34.5) 

44649.12 

021  (  34.5) 

44649.12 

R21(  29.  5) 

44661 . 86 

R 1 1 ( 35. 5 ) 

44672.76 

021(35.5) 

44672.76 

R  22 ( 36.5) 

44673.94 

R21 ( 30.5) 

44686.59 

R  1 1  (  36. 5) 

44697.12 

021 ( 36.5) 

44697.  12 

R  22 ( 37.5) 

44700.02 

R  21 ( 31.5) 

4471 1.69 

Rll ( 37.5) 

44722.14 

Q21 ( 37.5) 

44722. 1 4 

R22C  38.5) 

44  7  2  7.04 

R21( 32.5) 

44737.46 

R  1 1  (  38 . 5  ) 

44747.37 

021  <  38.  5) 

4474  7.  37 

R22( 39.5) 

44754.43 

R21(  33.5) 

44763.28 

Rl 1( 39.5) 

44773.43 

021 ( 39.5) 

44773,43 

R  21 ( 34.5) 

44789.81 

R21135.5) 

44818.26 

R21 ( 37.5) 

44874. 81 

R21 ( 38.5) 

44904,54 

R21( 39.5) 

44934.51 

Blank  Card 


0.0 

. 00  OE 1 5 
•000E16 
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TABLE  A-3 

HONL-LONDON  FACTORS  FOR  2I  -*  TRANSITIONS 
INTERMEDIATE  BETWEEN  HUND'S  CASES  (a)  AND  (b) 

(2.1  "+  l)2  +■  (2J"+  1)[Y(Y  -  4)  -  (2j"+  I)2J  (4j"2+ 4J"+  1  -  2Y) 


‘22 


?22 


8(j "  +  n 


(2J"  +  1)[(4j"2  +  4j"  —  1)  +  |Y(Y  -  4)  +  (2J  "  +  l)2jVr3+]2J^-2.t-+l-2Y)] 

8j"(j"  +  I) 


-K 


_  (2J"  +  l)2  -t-  (2j"  +  I)[Y(Y  -  4)  +  (2j"  +  l)2]  [*]"2  +  4j"-  7  +  2Y) 


22 


8j 


R 


(2.T+  l)2  -  (2J"+  ]|[Y(Y  -  4]  +  <2J”+  l)2]  '\ij"2+  4]"- 7  +  2Y) 

8<J"+  1) 


12 


Qj2  = 


(2j"  +  1)[(4J"2  +  4]"-  1)  -  I  Y(Y  —  4)  +  (2j"  +  1)2I  ‘(SJ^3  +  12j"2  -  2]"  -  7  +  2Y)] 

8J"(J"+  1) 


R 


L  (2J"+  l)2  -  (2J"+  1)[Y(Y  -  4)  +  (2j"+  l)2]  /J(4J"Z  +  4J"+  1  -  2Y) 

12  =  8j" 

(2j"-f-  O2  +  (2J"+  n[Y(Y-4)  +  (2j"  +  I)2]*'4(4J”2  +  4J  7  +  2Y) 
11  ”  8<J"+  1) 


'll 


1)[(4J,/2  -  4j"~  1)  +  iY(Y~4)  +  (2j"*  1)2S  '^.T3  +  12j"2  -  2J"- 7  +  2Y)] 

8j"(j"  +  1) 


(2J"+-  l)2  +  (2j"  +  l)tY(Y  -  4)  -r  (2J"  +  l)2]"1(4j"2  +  4J"+  1  -  2Y) 


Pll  - 


8J' 


<2j"  +  l)2  -  (2J"+  nC Y ( Y  -  4)  +  (2j"  +  l)2]  (4j"2  +  4j"  +  1  -  2Y) 

8(j"  +  1) 


l2l 


-lA 

)  -  (ZJ"+  Ht(4j'<'2  +  4j"  —  1)  -  |Y(Y  -  4)  +  (2J"+  1)2|  (8J"3  +  I2J’"’2  -  2}"  +  1  -  2Y>] 

'21  ej"(j%  i) 


21 


(2j"+  l)2  -  (2J  "  +  1)[Y(Y  —  4)  +  (2j"+  l)2]"  (4j"2  +  4J”- 7  +  2Y) 

ar 


where  Y  =  A/Bv 
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THE  PROGRAM 


IV  «  LE.Vfc.i-  21  MAIN  DATE* '■  75170  09/0P/4S 

c 

<>•«•••••••••**•*••*• *•«*»•*•*•••**»•*•• ****** »«****••*****•*••**#*•***••*#••' 

C  PARTE  PARTI  PARTE  PARTI  PARTI  PARTI  PARTI  PARTI 

£••** •#♦**•*•*•*♦• A* A A* A «•** 4 *********  *«**************<i*»**** *#****«*********t 

C 

RtAL*4  KO 

INTEGER**  P.C.R.ELAAK 
INTEGER* 4  BRANCH 

DIMENSION  SI500J  tF  L<  6  10 I  «  DC  I  SOD  I  .601900) 

DIMENSION  HEADS! 20 E 

DIMENSION  KOI  50  0 J 

DATA  P/'P'/jQ/'O'/.R/M**/ 

DATA  BLANK/*  •/ 

C  QMM  0 N/PARE  M /CON  S Tl. CONST/. CCNST3.*0*EO*KO.NL1 AES 
DIMENSION  Ml SO 01 t£(50l»«CA*(Sd0) *0 ATI SO 01 .E JI 600 1 .TJISOO) 

CALL  ERASE T 1  2<)E  .256  .—  I  *11 
ALLOW* .OOi 
■CALL  FUNCIXDUM) 

L 1ft 2-2 

_ ivu=o 

I  VL*0 

_ READI S* J6C IHEADS 

366  "FORMAT  l 20A4) 

READ! 5. 3610ELPLT 
READ!  S  .36 iSL IT 
ULAM-5L1T_ 

"rEAoTs.MIAP 
RE  ADIS.  36  l_TA_ 

READ! S.361TE 

_ RcAOl $.36  JEL 

READ! 5.361TH6T 
Hfc  ADI S • 7001 1 PLOT 1 
READ I  5. 7 00  I  (PLOT 2 

7JQ  FORMAT C 21 1  I _ 

37  FORMAT  (II*  2F  10.  01 

C 1  =  .DO  IS SO- 14/ TA**i 3. 00/2*00) 

ci=ct*2.ba 

C2-— I .43B36D0/TA _ 

CuNST  l=-2.DO*DSORT<DLGG<"2.DO)  1 

CONST/- I . 3070-74  SORT! TE) 

CONST  3=1. 3070-74  SORT! TAJ 

CUNST4=3.E-7+S0RTI IEI _ 

VRITEI6.671HEA05.AP 
d 7  FORMA  1 < 1M1 .20X.2ttA*tlOSt3HA«*»F 7.41 
C  . . 

C***» ***•*•**•***•**•♦**•♦ **4**4 *44 I******************** ***••»***»** ********* 
C  PART 2”  PART2  PART2  PART2  PART 2  ""  PART 2  ”  ‘  PARTE  PART 2 

C********************* *******  ************************************* *********** 

C 

'  J=1 

749  REAUCS.l  IBRAKCH  .NIjP.NLC  *R  JPP  .  *C  I  J) 

IF  I  BRANCH. EG. BLANK IGQ  TD  _2  _ 

jppMriJPP  "  "  . . . 

1  FGRMATIJX.AI.il .11.1X.F4.0.1K.F11.0I 
IFIBHANCH.EO.PIGO  TO  1C 
IFIURANCF.EQ.QIGG  TC  2C 
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IV  6  LEVEL  21  MAI*  SATE  ■  79178  09/09/49 

CALL  FUPPEHI ~t  Vu  Tulip,  JPP*  1  ,Ful 

CALL  VONNUM  I  «U.  I VL  iNIiP>NLO  i  JPPt  1 1 JPP jj.3  (  JJ  ) 

GO  TO  100 

■16  FUHMAT1  4F10«0)  _ 

'  2  0  CALL  7  UP  PEA  (IV  OTnUPTjPP  ipUi 

CALL  HONNUMClVU.IVL.AUP.ALCaJPF. JPP.2.SI Jil 
SU  TO  ICO 

10  CALL  F  UPPER  <  1  ViltNUP  « JPP— 1  «Flil  _ _ , 

CALL  hONMJNt IVUf ■ VL ,kCP, NLG, JPP— 1 ,JPP,l,S(j)l 

toe  CALL  FLONLHI IVLiM.C,JPF,FLI  Jl  1 _ 

EO(J)»S< J)*FUHC<FU» 

»HlTEI  6,101 )J.UPANCM,NUP,»iLC«JPP,FU,FL(JI *80(01 ,S< Jl.EGI Jl 
101  FURMAT<2X,1S,2X,AI .  11,11,  M  >,12.  >1  • ,*FU* ’,01 6,0. SX . »FL»* .Dit.d; 

*5X. 016. a. EX. •Sj»,,QlO.a.5X,*fc0 J»‘.0l6.aj 
J*J*l 
GO  TO  749 
i  COAT  I NOE 
NLINES>J-1 

Odd  HE ADC  b ■ 3a , END- ac 0 1 ENC 
□U  69  1*1, KLINES 
EJ-C1  *$(!»*  EXPIC24FLI  111 
KOI  I )=U*ENU 
69  LONTINLt 

c 

C-PARTJ  P  AH  T  4  PAH  1 3  PART 3  PAP TJ  PARTS  PARTS  PARTS 

C*** •••*♦• **4444446*4 •••••*••••••••••••••• ••••••**•••**•**•*••*• »66****»«« 

C 

1SAVE=I 
N |N1=4C 
NPl=NlkT«l 
I  AOTOP*0  ,OU 
TALbOT-J.DO 
DO  200  J=1.NLINES 
D«J=CONST2*«U( J) 

DbLTA«*CoNS I4*.0( J 1 
AZ J»»U( Ji-DtLTAV 
UXJ=401 Jl+OELTA. 

□  ISTxfcZJ-AZ  J 
DtLB01 5T/NINI 
DU  70LC  1*1, NP1 
■  I  I  i  =  AZJ*<  I-D40EL 

E( t*P4-( <»( 1 1- aC( Jl ) 4CCNST1/0MJI **21 

IMENO.nQ.O.IGO  TO  67447 

JLtFT-0 

SLML=0, 

60HR=0, 

II*J 

uoe  u«l=CunsT3*60I i it 

IFIAP.EU.O.IGQ  TO  HOC 
iltTA*— CONST  1 41  «(  I  >-»(.(  I  II  1/0  »L 
L ALL  aFuNCIOETA ,AP .TcRM.DLMS) 

CU  TO  1101 

1 100  IthM=LXP<-< 1  ,1  1 1-601  11 1  MC0AST1/06L)  4*21 
1101-LCNt INLc 

TistV'KCI II I*TlFP 
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IV  a  CEVU.  21  RAIN  DATE  »  75170  0«/O*/*S 

1MJLEFT.EQ.I  ICC  TO  1 1 GC 
SOMM-SCMR+TNEU 

IFITOI  m.GTtll  ll.*hT.rNE(tEC<li  )C0  TC  1197 
1FII1.£9,nl{NcS)M  TO  1107 
1M»U<  1 1  I.CT.dZ  J)GC  TO  33350 
IMIoiil  IWI/SuNRi<L£alUCt|(C  TO  1107 
33550  CUNT  In  Li£ 

11-11*1 
ou  to  noe 
110  7  JLfcP  r—  L 

ti-j-i 

IFU.lfl.lKa  TO  7013 
GO  TO  1100 
1109  CONTINUE 

ScML=3C«L*INE» 

[Fl.Gl  II  1.CT  .■<  I  I.aND.  IFct.bO.il.  IOC  TO  7013 
IK  II.EO.IIGG  Tu  703 
IMauI  II  I.GT.A2JIG0  TC  33651 
1MAUS1  TNt A/SUMCI.LL.  ALL  CHI  GO  TO  7013 
35551  CUNI1NLE 
II-  II-  I 
CL  TO  1 10* 

7013  CONTINUE 

GO  TO  7000 
57447  SOMC-L. 

SlNM-0  . 

TCUO  CATC  I )=SCML*SUHR 
SUMI-L.OO 
4UH2-U.OO 
OEC 2=0 EC 72. 00 
OU  VOOC  l-l.NPI 

VGUU  OATH  )=£(!)•  LXP1-LAV< I)-EL> 

OU  9001  l-I.NINT 

SUM  l°bCM  1  *CcC2*I'UA  II ll*OATI 1*1) I 
WOUl  5CM2=bLM9*0LC2«<E( II *E| 1* 11 ) 
fcJI J I-SUM2 
TJI J l-SUMl 
f  ALTuPK AUTQP*T Jl J 1 

TAUriUt=TAUUut*EJI Jl 
200  CUM  INLt 
t 

C444444-4444A4444A 4444444444444 •444444*454AAAAA*4S44A*P***»44*4»P4 ••••••* 

C  PART*  PAH  T  4  PAH  T  4  PAM  T  4  PAHT4  PART  4  PART 4  PART4 


TaC=IALTUP7TAUOUI 
ALPHA- 1.U9-1AU 

WhlTLlC.  HI)  IA.  Ib.LNL.cL.1  AC  .ALPHA 
«4H  r-LHHATI//.lA.lTA><.0lL.t:.DA.<le-'.0IO.B.5X.'  KC— •  il)l*.lti5l.,L>,i 
•uU.l.ax./.M.'UUX  iJlo.a  «ax.  •  ALPHA- ><  Dio.  e) 

«H1TI£< SO  )5C IT .PLTPIN.PL1 NaA.GeLPCI .ULAN .TNCT .  Kl  1  XC& .ENO. 
4Tl.TA.EC  .IPCtJT  I.1PCLT2 
4.LIR2.AP 
4.  I  AC 
4. PLAUE 

Uti  L43I  t-liNclNkS 
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IV  <»  LfcVtL  21  NAIK  DftT£  »  7S176  09/06/45 

j.ftr=NLlUE&-I  +  l 

94JI  1TL(2U  JftO(l_K  T  )  ,T  J<LKI> 

GU  TO  £«C 
tiuO  cNU-  ILE  20 
RtwlND  20 
STOP 
cND 
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tv  C  LEVEL  21  FUNC  DATE  ■  TS1T6  0VM/4S 


FUNCTION  FUNCIX). 

DIMENSION  kD AT AI1CC) • VO AIM  100) _ _____ 

DATA  1HST/0/ 

If t taST.EQ.OICO  TO  1 _ 

If  I  X«LT  «XOATAI~l  )  >G0  TO  200 

DO  10  I^UNPt  _ _ _ . _ 

IF (  XDAT  A 1 1 1  .L£ .  X.AND.XO ATA  [1*1) .  6E  .  X ICO  TO  20 
10  CUNTINUE 

FUNC=  (  TDAT  Al  HP  )- VO ATAI HPU  H (  X-XOATAI  NP?)/I XOAT Al NPI-XOATAINM  )  I  AY 
•UATA(NP) 

RETURN 

20  FUNC~< VOATAII*! )— VOATAf I  M/1 XOATAI l»l J-XDATAf 1 1 )«<X-XOATA< 1 1 1 
•«VOATA(I) 

RETURN 

200  FUNC*I VDATAI 2 l-VOA TAI 1 ) ) »| X-XOATAI 1 ) l/lx DAT At 2 J-XOAT At  I ) ) AVO AT Al 1) 
RETURN 

1  CU  I  flu  l« 1,1000 

NcAOl  0>«2 1XOATAI  Up  VDATAC  1  ) 

2  FORMAT IOFIOpO) 

If  (XOATAI  1  l.EO.O.OCIGO  TO  3 
100  CUNTINUE 

3  CUNTINUE 
NP-l-l 
NP1-NP-1 
1R3T-I 
ME TURN 
END 
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IV  C  LEVEL.  3 1  F UPPER  SAVE  «  ?SI» 

SUBROUTINE  FUPPERIVtM.JIKOEN.FI  " 

_C  • 

C  SUBROUTINE  FUPPER  CALCULATES  I HE  ROTATIONAL  ENERGY 

_C _ ELECTRON  STATE  FOR  A  GIVEN  VIBRATIONAL  STATE! VI.  A 

C  STATE!  til.  ANO"  A  *01  VEN  ROTATIONAL  STATE!  J) 

C 

INTEGER  V 
HEAL* A  J 
J*J INDEX*. t 

T»43CoS.T _ 

«E*2J7!.« 

iEIE*U.W 

BE* I . GST  7 

AlP MAE*. OltB 

UV—6.2C-A 

BV»BE— ALPHAE*!  VL.BI 

go  toii7ei.n 

1  PN-BVAI JA.9JA1 J-.5)*OV«l J4.9i««2*l J-. 3***2 
"GO  TO  3 

2  FN*8V»I Jt.bt*(Jti.9)tOV*IJ».S>**2*l J+l.3>**2 

3  cont inue" 

G=»E*!  V  +  «S  t-*£XE«(  V»a 9***2 

F.'|«t*FN 

RETURN 

~EKO 


Bt/Ot/46 


OF  THE' UPPER 
GIVEN  SPIN 
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IV  a  LEVEL  cl  FLL4EH  DATE  =  75|7ti  09/06/45 

SUBROUTINE  FLU4ERI ViMa JINOEMiFI 
C 

L  SLdRCUIINt  ELUHbM  CALCLLA  TEE  THE  ROT  ATI QNAL  ENERGY  OF  A  GIVEN 

C  MUTATIONAL  iTATEU).  viajJA  I1CNAL  &TATE1VI  .  AND  SPIN  STaTEIMI 

integer  v 
real**  J 
J— JINOcA+aS 
T  — 0* 

G=0  . 

UV=-*.EE-« 

*•  lc*.2 

Ub— I .7046 

AuPFAL».D1Td 

b  V— tit—  ALPHAt  *t  «».») 

VV»A/BV 

b-SUKTUJ«.SH*J-VVMU-YW4.l> 

GO  TU(  l.cl  .* 

I  FN»uV*l  (  J*  .61**2-  1  .-LM-DV*J**4 

GO  TO  3 

i  FN*tiV«l  l J*. 5 )**/-!  »Ll+DY*t  4*la>**« 

3  F=  T *G*FN 
RtTuHh 
bNO 
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IV  G  LEVEL  21 


HCKNUN 


OATt  ■  7^17* 


09/0fr/45 


SUtiROUT  INC  HOMNLMi  NUP  « IMLPP  .  MEGAN  •  W.G  AN.  J  F .  JPP  .  Ifl.HQhL J 
SUBROUTINE.  HON NON  CALCtUTtS  THE  HGNL-LQMJCN  FACT CH  NHENC 
NUP=*UPPEW  Vl  BRA  1  [ ON AL  STATE 
NUPP— LGMER  VIBRATIONAL  STATE 
MEGAN* UPPER  SPIN  STATE 
NfcGA**LiJ*tH  SPIN  STATE 
J  =  J  1  • 

Idsl  P OP  P  BRANCH*  FCR  Q  BRANCH  •  *3  FOR  R  tiFANCH 

REAL*4  J 
J- JPP*. 5 
T  L«2.4J+1« 

Tc«TI*l 1 

T J*1  ./SORT*  7  3.3*CSJ.3+ T£) 

Jd  ■=  Id+  3 

GO  Tut  2««iJ»4)iJti 

2  CUNT [NOE 

GO  TO ( 2  I .221 t ME GAN 

21  CONTINUE 

Go  TDI  £11*212) *  MEGAN 

211  flNUM~T£+ri«T3*C4.* J4J+4.* J+ 1 144*5) 

OENOM=fi.*J 

GO  TO  lllll 

212  RNUM-T2-TI *T3*4 4,* J* J*4« 4 J*1 •-! 46. 91 
DLNUM—  G  *  4  J 

GO  TO  lllll 

22  CONTINUE 

GO  TQl £21 . 222 )• MEGAN  _ 

22  1  RNUM=T£-T1*TJ4<  4*4  J*4*4a  4  4-7*4l46*i>) 

L3tNOf4=e**J 
Go  TO  lllll 

22  2  RNUM-=T  2+Tl*TJ4t4«*  J  •  J+4  •  4  J— 7  +  1 44  •  51 
Dc NON* £ ■ 4 J 
- - GO-  TO  -l  I  11-1 - 

3  CONTINUE 

GG  TOIJI .32) .MEGAN 

31  CUNT IN  Ut 

GO  T0( 31 1.3121 .NtGAM 

411  RNUM*T 14(1 44J4J-44J-I ) + T3*( fi • * J 4*3*1 2» 4 J4 J-2.43-7 « + 1 4*. 5 ) ) 
OfcNON*E**J4( J*l.) 

GO  TU'  It  11  1  ; 

412  RNUH^T  |*( 4.4J4J  +  4.  4J-1 *-T34 ( d.  * J44J+12 « 444*2-2 . *4-7 » +146.S) 1 
U  t  NON*  G  •  *  J  +  (  J+  l  •  > 

GL  TO  lllll 

32  CONTINUE 

GO  TO( 321. 322 1 • MEGAN 

321  RNUM=Tl*il 4.4J44+4**  J-l»>-T3*40.-~4J*43+12.4j*4-2.+J+i,-l46*SJ I 
0EN0M*8.«J4| J+l.) 

GO  TO  lllll 

322  RNUM*T14( < 4. 4J4J+4. 44-1 » 1+7341 tf* 444*341 2* *J* J-2* #J* I •-! 46.S> 1 
□EN0M*e*444( J+|«) 

CQ  TO  lllll 
4 CONTINUE 

GO  TO  141.421  .MEGAN 
41  CONTINUE 

GO  TU( 411*4121. MEGAN 


C 

c 

c 

"c 

c 

c 

c 

c 
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IV  G  LfcVuL  2  1  HCNhLV  11*11:  =  7!»l  7*j  U4/U6/4S 

i 

411  KNUM=T£+1I«T3*{4.*J»J*».*J-7.*140.3» 
i)EMOM=d.*<  J+l.J 

Ctj  ru  uni 

412  HNbM=T2-Tl«TJ*l 4.* J4J+4.* J-7.+|4e.b| 

t  .  *1  J+  t  ) 

Ob  TO  II  II  I 
42  LuNTINLb 

Gu  TJt  He  1 1 4*2» , PdOAM 
42  1  2-«l*TJ*(  4.*J»J*4.*J*l>-l*e<») 

Dt  M.lM=t-  .*1  J.+  I  •  1 

Mb  iu  mu 

4  22  'INbH=  <«:+Il*rj*l4.*J*J*4.*J+l.-140.Sj) 

JlSJM=c,«[ j* I . I 

mu  gjntingl 

IEIGtNLiM.bU.UIGL  rc  i'll 
hLNL = rih U M SUt feu M 
Rl  Tlkn 
SGI  HuM.su* 

2cTUHN 

EM) 
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IV 


j  LCVlL 


»r  uKL 


UATfc 


7bl7b 


OS/Ob^AS 


SLdkOLT  INfc  XFUNCI  XF  ,YF  .»  I  «  t<  | 
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•  Idol J9D0 * 

. 182  90300  . 

. 17791000  * 

.17314700. 

•  16860200, 

viz) 

170 

.  lo42t 100/ 

viz) 

171 

DATA  Z 12/ 

VIZ) 

172 
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IV  0  LtVtL 


21 

BLA  DAVA 

DATE  =  75178* 

09/06/4S 

.29819700, 

•  21213  6D  0  -i 

.31971700, 

•322bU6DU. 

•32199306. 

W12I 

iii 

.J1-34780C. 

a  30761600* 

•30060700. 

.29325900. 

WIZI 

174 

.20640200* 

.27740700, 

•26940100. 

.26147600, 

.25369700, 

8(21 

175 

*  24  bl 2  20U« 

•  ^3U7b£L»0  • 

.23163500, 

.22477500. 

.21517609. 

WIZI 

176 

*21 1 d  3000  • 

•2Cb7&COC. 

. 1 9903600 , 

.14*35600, 

•1B9014D9* 

WIZI 

177 

• 1630UIOO . 

. 1 7SCC800. 

.1 7452400  , 

.16984000. 

.16554600, 

WIZI 

175 

•  10  1 4  j  400/ 

WIZI 

179 

DATA  112/ 

. 

WIZI 

180 

•236t26DU. 

•  2  57 J 74D  0 » 

.27042600. 

.27919900. 

.28344300, 

Will 

181 

•  £ti4c  J3U0  » 

•  263^4000  » 

•26674000* 

.27669300. 

.27175209, 

WIZI 

182 

.260  1  fi'.OOi 

.26021300, 

.253*6500. 

.24762800. 

•2*123300. 

•  12) 

183 

•2J4d70Do. 

.22666200, 

•2224 J600 • 

.21642800. 

,210587 00, 

WIZI 

184 

•io«szeoy » 

*1 5046400. 

«  J  94  Lob DO ■ 

•I69072DO* 

•1841 66 DO. 

wizi 

185 

•  17S444D0, 

■  J  74CC3DJ. 

•I7J53600. 

. 16634200, 

.16231000, 

WIZI 

1U 

•  Lbd43bD0/ 

WIZI 

187 

DATA  £14/ 

WIZI 

168 

»  16452000. 

•2C543LDD* 

.22736203. 

•23979300. 

.24790800, 

WIZI 

189 

•<0^6 5400. 

•254764DC « 

.25484500, 

-253461  DO. 

•25089800. 

WIZI 

190 

•2473dlOU. 

«243£ctiUC« 

•23669500 • 

.23381300* 

.22873300. 

WIZI 

101 

.223b42D0, 

o2U3  USDO  . 

•21306600. 

.20791203. 

.20281800. 

wizi 

192 

*14762700, 

.  1525hjClC  a 

.  I 6620600 • 

.18359900, 

.17913100. 

WIZI 

193 

•  1  74dCoOU • 

•  17062300  a 

• 16668200 » 

.16268100. 

.15891600. 

•  111 

194 

• 15t2tbD0/ 

WIZI 

195 

DATA  £13/ 

WIZI 

196 

•  140S56JO* 

.  I684C7UC, 

.18424700 • 

.204662 00, 

.21571 100. 

WIZI 

197 

.22 3262DQ. 

♦22ttu26DC. 

•  23Ub78D0  « 

•23136600. 

.23082600, 

w(Z) 

195 

•22S2CSD0. 

,2267c 70C, 

•22J71UD0. 

•220192D0. 

•21634000. 

■  tzi 

199 

•2I22SJJ0. 

.2 Jd  Cl  ADO  • 

•20366400 » 

.19931500* 

•  19494700, 

wizi 

200 

•  LQOfa  i 

.  1  (96  32400  . 

.18211200, 

• 177985D0, 

•1730S4OO* 

WIZI 

201 

.  I700240U. 

•  166  2  01  DC  ' 

•  16246700 • 

•1 5868300* 

• 186369 DO » 

WIZI 

202 

•  1  b2i3J£:DtJ/ 

WIZI 

203 

QATA  Z  lc/ 

WIZI 

204 

•ld5J99Dd. 

.  1 341441)0  • 

. 13652100. 

.17386500. 

•18698400, 

WIZI 

203 

«  1<suu3(jDo  * 

•  20346  IDO. 

•20799000. 

•21066400. 

.21184600. 

WIZI 

206 

.21  ldj?DOt 

•  2  ititid  1  uO  « 

•2SS182DU. 

.20690200. 

•  204  1 77  DO  . 

WIZI 

207 

.20 1 1 1 bDO. 

•  1  WtooDOi 

•  1  S4320DU~i 

•  19071730, 

.  187043  DO. 

WIZI 

205 

.  id3o3t00. 

•  1 ?5t23JG* 

•  1 7S9JJD0  . 

.17227600, 

.166O74C0. 

WIZI 

209 

.  lob  1 wODO i 

•  1 tl tC^DOt 

•  15626100  • 

. 1 5497500, 

. 15175300. 

WIZI 

210 

.  I4fcu loUO/ 

wizi 

211 

Dm  TA  <?  17/ 

HU) 

212 

•  07730300. 

«  l  OO dA JD 0  « 

• 126U95D0. 

•14727200. 

•16I702D0. 

WIZI 

213 

•  1 72b2CD0. 

•  1  d  1 177D0. 

•  1672*300. 

•19142300. 

•  1 94 049 DO , 

WIZI 

214 

,19540/JlIi 

•  1507J40C  • 

• 19522dD0 . 

•  1940S3Di)» 

• J02347CO. 

wizi 

2  1 S 

.  l**o«;2Lt)  0  ■ 

•  1 67  7  720  0  « 

•i 35U7JD0 • 

• 1621 d900 . 

. 17917200- 

■  IZI 

216 

.  1  7t>0i4  JO • 

•  1 ?2SgiD0f 

.16971003 , 

•1 6681300. 

•16333000* 

■  IZI 

217 

.  L  oL  1  t  aLJ  a  i 

.  1  =.7QtOUO  • 

.1  5399503  . 

.15098100 . 

•14803000. 

WIZI 

218 

.  14tl 44 Uj/ 

WIZI 

219 

Dm  T  A  £lu/ 

WIZI 

220 

■  i>bS b  /uu  w * 

•  LCJ  11  2UU. 

. 1 05*2930 , 

• 124O12D0. 

•13971700* 

WIZI 

221 

•  lb  17£  11)0, 

.  Ictl7lo0, 

•  1 O037VUO  . 

•17372500. 

.17751300. 

wizi 

222 

a  IdUUO  2D  L»  ■ 

.lcMUuCi 

•  I  £1933 DO  * 

•18173300. 

.18093300. 

WIZI 

223. 

.l7,t5ll)il  ■ 

.  1  776CJOU, 

. 1 7600HU0 . 

.173  79200. 

. 17139000, 

wizi 

224 

a  ItJ  Ju49UU« 

•  k  CC206D0 , 

.16549303, 

• 1 60737DU • 

• 1S79&8U0* 

WIZI 

226 

•  lob  1  /too* - 

.  1  324  (.20  J. 

. 14964900 , 

.14692700. 

■ 144243D0 * 

WIZI 

226 

,U|t:  C2L>  J/ 

UIZ  J 

227 

DATA  £  IS/ 

wiz  i 

228 
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IV  G  LtVtL  <M  CtLK  DA  TA  DATc  =*  7  5170  09/06X45 


•  CJl  lti4U0  • 

*  OCbC9?bU  » 

•Od7u90J0 • 

.10552200. 

ai20793DU# 

»(Z) 

229 

.  l.)j2etU0, 

•14J36QUJ| 

.1 3 13600 J I 

a  1 b7b7bDU » 

p 1 dZ266D0 i 

912  1 

230 

.  ibsotyu j. 

. 1 o7  £7/00 . 

•  itiyj7joJ  ■ 

a  17U(ll)3D0« 

p 169 J97UU. 

■  12) 

2^1 

•  lb94£±JU  * 

. lodtOUDO . 

. 1 O71O3D0  . 

.105:7900. 

a  1 63  7  4600p 

412) 

222 

.  Iui7«dDg. 

•  liiSeODL. 

•107J2JDO . 

»lb49d«>D0. 

• 1 5239 1 00* 

4(2} 

233 

•  1  bO  UbUui 

.1*7  722u<j. 

.  1*327400. 

.1*233400. 

•  14U41 1UQ, 

«4Z> 

234 

.  l-»ct I/QJX 

4121 

235 

DATA  2202 

4(2) 

236 

•027o£2JJ> 

. Csl C3UU0  . 

.07131 100  . 

•Otf9bv20U. 

a 1U4041 Jd» 

4(21 

237 

•  LW<jjDj. 

•  W7644QIP1 

# 1  jo 1 3400  • 

a  14294900. 

• 14631 JDOp 

412  1 

230 

*  I£c4  I8i) J  , 

*  i  bb4L200» 

•  !57bo9DU  . 

plibVJGDU. 

.15930500. 

4  (  Z  1 

239 

•  lb'i7  USrfDU  * 

•  1  sSJo'pU  L  » 

.  1  60041  DO  . 

.  Ib7b9  JJU  a 

•  1  bb  262 DU • 

»<  2  > 

240 

•lb4 7=  7 JO. 

p  L  -  J  C  b  9L#  0  p 

p  lbl224Ji>. 

•14V2dlDO» 

•  1  472£>b00« 

M IZ) 

241 

*14517200. 

■  1  4 3  ^4-bOo  • 

-  141139200 • 

p 1  o672 SOQ. 

•1 Jb555D0# 

4(  2 1 

2*2 

.lJ*JtlUO/ 

41  Z) 

2*3 

UATA  Z<|/ 

M(Z> 

244 

•  0  Id  J  ItDOt 

.  t*U  £  k.1  L>U  . 

. 0:9531 30 . 

.07039500. 

•  0Vm3444U0p 

M(Z> 

245 

■  10J  33  A/u> 

.  i  uejeuc. 

.12257*  Lm. 

a  1 ZV PdOUU i 

• IJbbOU JJ* 

to(Z» 

244 

p  140*.40  JJ  « 

.  l*Jfc*ULU.. 

•  140  a4|  Du  « 

• 14b4o6D0t 

• L4?72b00. 

mlZi 

247 

p lb04 IbUJ« 

-  1  tUUZl)(J  . 

-  L  b  J4  1  d-uo  p 

. 1*907000, 

a i 490 32 Du . 

4(21 

240 

•  1  4b  t  7b  JU  » 

.  1  <■  623*00  • 

.1*300000, 

•  1*190200. 

4 1  Z  1 

249 

-  1 4  0  «  c  OO  J  p 

p  1  J6  J'lblj  i.  • 

P  i | 

«lJ46HUUi 

. 1 3209300, 

4 1  Z  I 

2  50 

.  1  Jv  )  s  700/ 

4 1  Z  } 

251 

Ort TA  Z22/ 

W(Z) 

252 

.oiziceou. 

p  Ool SjluO. 

•  04"»  72ol)u  • 

.06502100, 

.0/900500, 

vlZ) 

253 

.0*1 42200, 

p  1  J 1  7 1  a  J  u  i 

.  1  1  05  503 J • 

P  1  I7^4dua* 

•  1 2400  100, 

4121 

254 

.  izscvrj*. 

p  1  33  12buCa 

a  1 JOZe LuO « 

. 1 J060900. 

•  14043200, 

4(2) 

265 

•  1  4it.C4U(], 

•  1  **  2  2  bJ  U  U  i 

(UJ34  UUJ  1 

•14243400. 

.  142U2  1  UO. 

4<2) 

266 

.1*13*700. 

p 1 404tJOC» 

a  1  3VJ7‘JJ0  a 

• 13O1450U, 

■ 13O7890U, 

412) 

257 

.1  JsJ J1U0. 

•  1  JJ  ?^1UL* 

•  I  J2  1  0  7  JJ  « 

.13u533J0i 

•  12004200. 

*121 

2S« 

P 12/ 12500/ 

4(2) 

254 

U«*  T A  Z2J/ 

4(21 

26J 

•  4iC  /  V  i/O  J  ■ 

#  UZjt^Dm 

•  041  92?JJ« 

•  J3o56b0u. 

- db<Je>bbD4j  » 

4 1  Z  ) 

261 

-Obi  lc200* 

•  L*1  Z4bi>Ui 

a  099^4300 • 

•  1  073031)0. 

. 1 1 507900. 

41  Z  ) 

262 

-  1  1  cS4  IOO- 

*  I2J2770C. 

•  i  2o  7 ddDu v 

•  129  5j7(JD0* 

.13170900. 

4(2) 

203 

«  1 J J2b4U0 • 

«  1  J  4  J  c  7fi  L  p 

a  1 3bu2 1  JO  a 

a  1 JbJjbJJa 

.15325900. 

4(2) 

264 

•  1  JA'.tWu. 

p  1  3**  H  i  4L>C  i 

. 1 JJ009JJ . 

• 132756J0. 

.13 lo990o< 

*1Z> 

265 

. 1 1U3<«UJ , 

p  Wv2sZUI)f 

• 1279CUJO a 

• L2b4bJC0. 

.12501000. 

4(2) 

266 

•  1/JslOOC/ 

4(2  > 

267 

J*TA  Z24/ 

4(2) 

266 

.UUt<.**.)0« 

.  C2<ji:tou. 

a  UJ3  12  jUJ  • 

•04V24dOUi 

pyo 1 473C0 • 

Htz  1 

269 

•  C  7  a  4  vbO  j  i 

•  bCC  L  •aa.'U  G  « 

a  U<P  UbtJ  j  JO-  • 

.  J979ts30(J  « 

. ) 0*309  CO, 

4(2  ) 

270 

*  lii  *  7  Ju  f 

•  1  lie jIuO i 

•  I  loci  900 . 

. 1 2 1 092UO , 

a  12364O0U. 

me  z } 

27  1 

«  1g'34^4ju  % 

*  lebt  /  l\j  L  • 

-  12/<J?J|J3  | 

• I2CJ496D0 p 

a 12d79kDU. 

«IZ| 

272 

i  L2cj<JUa  J  J  t 

•  iZtlb  /4Ug  » 

.l^h| JOUO f 

-AZ7bu600. 

a  12d72tDJ. 

*(2  1 

273 

. 12  it l*Uu ■ 

•  lit  7520 L . 

•  1 ZJb 7uUj i 

•  1 22  aU4 Ju p 

•12122MOO . 

«(Z  J 

274 

-  1Iv,*«2l>oS 

W(Z  ) 

27  b 

Ex*  F  f,  ZC/ 

4(2) 

27b 

•  uu J  15 1 ju • 

■  h]  /  J’>7Ubi 

. Oj  u  7V2U0 . 

.0*32  1  loo. 

.uS*3oaoo, 

4(2) 

277 

•  0040  £0  Jd  • 

■U/h IjzlO p 

p  UaZ j4sU0 « 

.009: 7uOo . 

• 09350400 , 

4(2) 

27b 

■  1  J  1  J  3i>J0  ♦ 

■  1  Ot  S99J0 . 

.  1  059*200  . 

.1 lo2J2DO, 

a  1  lb* JbJQ , 

4(2) 

279 

-lick bvJO • 

•  llS  GlpTJt  « 

■  Ul  d*t»JJ  » 

.12201000, 

. 1 22:9700. 

4(21 

200 

•  I22CS7JC. 

p  1  £2  t4bo(;  * 

a  L2277JJ0  • 

.122*1100. 

. 1 2105*00 , 

4(2) 

zei 

.12121:00. 

p  1  ZU4Z401 ■ 

. 1 1932JD0 • 

p 1 ibbftdOQ* 

.11  749200, 

412  1 

2b2 

.  1  lo ZJbOJ/ 

412) 

263 

CAIA  IZto/ 

4(2) 

264 
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IV  d  LEVEL 


cl  ULK  OATA  DATE  =  7bl7u  09706/45 


*  .OOiyJuug# 

•01469000# 

•02684 1 DO • 

. 03622600# 

•O4U7730O, 

•m 

285 

*  .0584.3?oo# 

. C672C5QC# 

.07506800 • 

•08211200# 

.08031700, 

HtZ) 

206 

*  • OW3  7t iDUi 

•  09846600# 

•  1 O/slflOO  • 

.10596000# 

• J08B4800. 

HlZI 

207 

*  .II123JD0# 

•II31C500# 

•  1 1469000  * 

.11505100* 

•  i  loosooo. 

HIZ) 

208 

*  •11723400. 

.11 7  5340  C  # 

•  1  1760tiD0  » 

.117481 DQ# 

.11710*00, 

HIZ) 

289 

*  .11073700* 

.1 IblOUOOi 

*11547100* 

.1 1466500* 

•  1 1381 ODU. 

wizi 

290 

*  •ll£67euO/ 

wt  zi 

291 

0*TA  7*7/ 

wizi 

292 

♦  «ouii&qoo* 

•01263500# 

•02365300 • 

•03406700* 

•0*38*900, 

HI  Z 1 

293 

*  •05286500* 

.061 16700 • 

•06869100. 

•07546700* 

.00182100. 

H<ZI 

29* 

♦  *08o8bti00. 

•  091 6980  C  « 

. 095  7  0200 • 

•00924300# 

.10226*00. 

Hi  Z) 

295 

*  . 1048 1 1  DO • 

•10692600# 

.10864700  # 

•11001600# 

.11106700. 

HI  Z) 

296 

*  .11103400# 

•11234700# 

•  1126  3500  #' 

.11272300* 

•1 I2O33U0. 

H1Z1 

297 

•  •IL2Je<U>0. 

.112CC6D0# 

• i 11 50600 « 

•11090400# 

•110210UO. 

HI  Z 1 

290 

.109439 DQ/ 

• 

H(Z1 

299 

DATA  £28/ 

HlZI 

300 

*  *aoube2Do» 

•  01  1  03  70  U  # 

•021 (lb  700 t 

•03062600# 

.03965600. 

HtZ) 

301 

•  *  <34  dc  y  000  t 

•U56690D0# 

• O63O4JU0# 

•06954800# 

.075*1600. 

H(Z) 

302 

4  .08067000# 

• U6633BD0# 

. 089451  DO # 

.09304400# 

.09615500. 

mzi 

303 

*  .09882QD0* 

'•  1  Cl  C70OU# 

• J02957DU # 

•10440600# 

.1  05730  00. 

HI  Z  1 

30* 

4  .  It>c6t300* 

. 1 07J66DC# 

.1 07664U0 # 

•10614000# 

.10023000. 

HlZI 

305 

4  *108 17700  * 

.10797500# 

.  1  u7Ct4600  • 

.1U721300# 

.  1 06o02OO. 

HlZI 

306 

4  .10006700/ 

wizt 

307 

data  £29/ 

HlZI 

300 

4  .CU03S4D0* 

• CO0 77800 . 

•01691800# 

•  02770700* 

.03606*00, 

HlZI 

309 

4  *043*3000, 

• Qnl 26400# 

.05604600  » 

.06426600# 

.06992700. 

HlZI 

310 

•  .07504300* 

. L  79  63200 • 

• OdJ 7 loDu , 

•08732600# 

.090*9200, 

■  IZI 

311 

4  *093*3900  * 

•  C966C1D0# 

.09760600  * 

•09928800# 

•  100671  DO. 

WIZ) 

312 

4  .10176300# 

•  1026490 J , 

• 1 0329300 • 

•10373700# 

.10*00200. 

HtZ) 

313 

•  • 1 041 i 500  * 

*10406600. 

.1 0389600* 

.10361700# 

.10323600. 

HlZI 

31* 

4  .10274700/ 

HlZI 

315 

OATA  £30/ 

HI  Z) 

316 

4  .000 *«3DU  * 

. CC«?69UC# 

• 017I34D0 # 

•02622500* 

.03296700, 

HlZI 

317 

•  .04030400# 

.04719400# 

•  05361100  « 

#05954300# 

.06*98600, 

*1Z) 

310 

4  ,00994400* 

• C7443IO0# 

•  0  7846200 • 

•06205900* 

•  Q  B5245D0. 

HtZ) 

319 

4  .03604400. 

•  09040200  # 

. 09256400* 

•  0  943  7600  * 

.09588200, 

■  IZ) 

320 

4  #0S7|/7OU# 

•  C90I33L.CJ  * 

•  09692200* 

. 0905 13 DO# 

.09992500. 

H1Z) 

321 

4  .10017700# 

.  10026400  * 

. 1 90261 JO# 

.10012200# 

.09987900. 

HIZ) 

322 

4  .0*0^4400/ 

HIZ  J 

323 

UATA  £31/ 

■  <Z) 

324 

•  .00012300# 

•  00 7  9430 0  # 

■  01562700  • 

*02309500# 

.03027900. 

HIZ) 

325 

4  • 0 J  7 1 t&DO • 

• U43590OC# 

. 04966600* 

•  05531 1  DU  « 

•U6052900. 

■  IZI 

326 

4  . 00831800# 

.069  50500  * 

•  073641 U0  * 

•0772020 0* 

.08038500. 

HtZ) 

327 

4  .00321000, 

• 0656V7DO , 

*06767000* 

.06974900* 

.09135500. 

■  <ZI 

J28 

4  .09271100# 

• CS36O500# 

*094746 DO • 

•09546700# 

.09601000, 

■  CZ) 

329 

4  .O.O39JD0# 

•  09663200, 

*09673900  * 

.09672900# 

•09661300, 

■  IZ) 

330 
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9<Z> 

456 

.04907300. 

.04565900, 

wfzi 

45X 

.03560700. 

.03356100. 

hizj 

456| 

HI  21 

45* 

HI  Z  1 

460 

. 37766600 , 

.35153500* 

M(Z> 

461 

.20615500. 

.18500500. 

HI  Zi 

462 

.12443500, 

*1 1362000. 

HI  Z  1 

463 

.06124500. 

*075  19000. 

WIZI 

464 

.05639100. 

.05274100. 

vm 

463 

.04106400. 

.03672600. 

mil 

466 

■Ul 

467, 

WI2I 

46a! 

.40219400 • 

.35506200. 

*12) 

469 

■22476900. 

.20242900. 

>(Z) 

470 

.137661 00. 

•  12597  IDO. 

H  C  Z  1 

471* 

.090/1000. 

.08406800. 

H(Z» 

472 

.06334200. 

•05929600. 

H12I 

473 

.04631500 . 

.04370800. 

H1Z1 

474 

HI  ZI 

475| 

HIZ1 

476 

.416491  DO, 

.37181309. 

HI  Z  1 

4  77| 

.24005700* 

.21700400. 

HI  Z  1 

476 

.14937000. 

.1J701ZDO. 

•  CZ1 

47* 

.09942700. 

.09229100. 

HI  Z I 

460 

.06969400 , 

.06550000. 

HCZI 

481 

.05133900, 

.04848500. 

H12J 

462 

HI  Z  1 

983 

HIZ1 

464 

•42722500 . 

.38216600. 

H 1 2 1 

465 

■  25202400  > 

.22875900. 

HCZI 

486 

.13953100. 

• 14671200. 

H1ZJ 

487; 

.10736100. 

.09982400. 

H(2I 

488 

.07602100. 

.071 32400 . 

Hi  2  I 

489 

.056 1 1600, 

.05304100. 

H(2> 

490 

H<2  1‘ 

491 

HI2I 

492 

.42927500. 

.38677700. 

HI  2  ) 

493 

.26084700. 

.23760000. 

HI2) 

494 

.16616100. 

. 15506600 . 

HI  Z  1 

495 

.11 449 5 DO ■ 

.10665000. 

H  (  Z  1 

*96 

.08170600.’ 

.07675500. 

H(2> 

497 

.06063900. 

.05736800. 

HCZI 

496 

WIZI 

499 

HCZI 

500 

.42566700. 

.38641200. 

HI  Z  1 

SOI. 

•26675700. 

.24429500. 

WIZI 

502 

.1 7527100. 

*lo2100D0. 

WIZI 

583 

■ 1 2062200 . 

.11276000. 

HI  Z  1 

504 

.06695600. 

•OU 177300. 

HCZI 

505 

.06469000. 

.06144000. 

wizi 

506 

WIZI 

507 

WIZI 

508 

70 
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cl 

dLK 

data 

DATE  «  75I7B 

09/06/46 

•  645*1  bCJJ  i 

■  4  S  SC  I  uO  (l  ^ 

■ 4ab abDUOi 

*4  1 7  *4  1  00  # 

•3U190BUJ. 

W(Z1 

509 

iJxvoJ l Du  • 

•J2ji£du0i 

■293^2700. 

• 270O4UD0 < 

•24*4o2DJ. 

VIZ) 

510 

•  ^iid^cTDii  t 

.2113 «3L>0  • 

• i y sjoaco. 

•  i ao957cu  ■ 

■  1*7*6300  a 

■  <2> 

511 

.  1S>3  ¥7Su  J> 

. 1 43167L1U ■ 

. 1 3532600. 

. 12o3b3Du. 

. 1 1815bC0. 

91  Z  > 

512 

. 1 IUc6^D0. 

.1 U3773DU. 

.09749bDu . 

.□VI 7u600. 

.0*637* DO# 

■  (Zl 

513 

.  Jt)  l  A67UU  > 

« C  7oS JJD 0  t 

.  (1727*200  , 

•0bodb3D0  . 

•Qab2o6C0i 

v(Z) 

514 

tOo  192600/ 

«(Z) 

blS 

LiAfM  Z  aa/ 

M<Z) 

Slo 

•  albl  UDJ. 

. 4703 JbDU, 

.44(100300 • 

•40ad2300 . 

.3741 1000. 

«(ZI 

517 

•  tdO  b » 

♦  J  1  dLif/OO# 

.29345400. 

.27101500. 

•2bOb49C0. 

«(Z> 

516 

•  ^jiijsroc» 

•  214^1  C2ug  « 

.  1914IADW, 

.13529900. 

. J7242JC0. 

HIZ) 

519 

iiuOCtdUJf 

»U^47U0> 

• I401J3DU . 

•  1 31 1 ObUO . 

•  1 220*800# 

■  <Z  J 

520 

■ll aZtitUO * 

•  1 CdJiboo. 

• 1 0 1 *1 vUU # 

•09601500* 

.  U9ub(.7D0. 

■  IZI 

521 

•  llb'ji  22UU  ■ 

.OS L673DC. 

« □ 765b  7U  0 t 

•  U725S3DJ  . 

■OoBU 3400# 

V(Z) 

522 

■  k#bad  /5Du/ 

wIZ) 

523 

Q* Th  Zb*/ 

•  «  ZJ 

524 

.'jojik/uo  i 

,4bl  7eJl>C. 

•  42 1 U  7600 • 

•39 1 bfeuQU • 

•363*2600# 

■  <Z) 

.525 

.3J772UD0. 

•  J 1  J-> 9  70(|  i 

•29UO470U • 

*270ul 6DU. 

.250U23DU, 

VIZI 

526 

.2331 710U. 

. 2 1C9L40U. 

«2  0ZCtj70U • 

i ldo4u JDU ■ 

•  1 7b*62C0# 

■  <z> 

527 

. IoAJhUDUi 

.1 £377300, 

•1*405400. 

.13511303. 

•1266*300. 

VIZ) 

526 

.11  929S0  J  . 

.1 I2JU2DU. 

•1 Ub*4200. 

*  099*70 OU • 

.09434 JDO. 

WIZ) 

529 

m  Qo'vZ  2<ZO  J  ♦ 

. U04472DC. 

.OdUOblDO. 

. u7iVoaoo. 

.07214200. 

WIZ) 

530 

.OudbebDO/ 

(MZ) 

S3  1 

DATA  It  7/ 

Ml  Z  1 

532 

.  45  124  400  « 

•  *2fcl  tdiMi* 

•  4  UOtt J  700 ■ 

.3/591100. 

•J51bu3D0* 

MiZl 

533 

.32b777ilU» 

•3CtSSUDC* 

■  2d*bl  7DQ  . 

•  2<*7  J7*  DO  • 

.24935600. 

MIZ> 

534 

•  2JJ9C?i>U  • 

.217o7cU0  > 

•2U3494D0. 

*1903*400. 

•  I 7627*00 . 

«M  Zl 

535 

.1U/092DU, 

■  1 bbTtbUC  • 

•  14TZ2  6L»0» 

■ 13*41200. 

•1 JU2O2U0. 

VIZI 

536 

•  L22723Dili 

. 1 1574400, 

■  I09277D0 i 

.1U3Z50DU. 

•*9771300. 

Ml  Zl 

537 

. jy2t4lD0. 

. Ot7?J2O0, 

•0*323400  » 

#0700*2  DO. 

•07*19100. 

1(Z} 

53d 

.U7lbSfiOO/ 

Ml  Z  I 

539 

OAlA  A  tB/ 

M1ZJ 

540 

■  <i2U38*t>0« 

■  400  7  4 3D  0 ♦ 

■3*Clbl 0 Of 

•*0931300# 

• 33*07 oOUf 

MiZ> 

541 

. 31 «b6«DU. 

«2&9261D0t 

•2*084*00# 

.2bi4iaD3. 

•24701200. 

•  IZI 

542 

.21 72  63D0  « 

•203*4 700| 

.19130600. 

■1797O2C0. 

4(21 

543 

•  lod^yooe. 

■ L5ti9b9D0i 

. 149c 74CU. 

•14104*00# 

■  1J30J3CJO. 

Ml  Z  J 

544 

•12559000# 

• l 16*7400. 

■  1 12243  DO . 

•  10626000 • 

•loooavuo. 

•  IZI 

545 

■39549900. 

■  OtCbbGDO  . 

•  Odt»l43DU  . 

•0*192*00  » 

.07790200. 

Mi  2  J 

546 

.b/4l<lJU0/ 

Ml  Zl 

547 

DA  I A  Zb9/ 

•  IZI 

54* 

.  J9l 29 IDo. 

.37O2140U, 

.359  72  1  DU  « 

.34247903. 

•3249*600# 

VIZI 

549 

.  30  7b  09Dt). 

•  2  *»  Ub  1  3D  0  . 

•27418000  . 

•2*843100# 

•  2434390 J# 

•  12) 

550 

.42924400. 

■21 58S7DC. 

.2032)200. 

•19147100 • 

•l*042bCU« 

WIZ) 

551 

•  17009900. 

*  1  4  04  b  70  0  » 

#16145800. 

•143003 00# 

# 13*23400. 

WIZ) 

-  W7VJ10  J, 

■1211 1*00# 

•  1  14741  CO i 

•  1  0**2700  . 

•1032**00# 

Ml  21 

553 

•  098 1C70O. 

•09 J2650C  « 

.  Udb73bDU. 

•  0*449300  . 

•0*0*1900. 

HIZ) 

554 

.l/«?S400/ 

Ml  Zl 

555 

DATA  It  0/ 

MIZ) 

55t 

* 364  4 j  700* 

. JSJUtoDO. 

.34000400, 

.325d73D0, 

.311 lblUO. 

M(Z) 

t>&7 

•cV6*40Uu  . 

t2£l3C2O0« 

■26bd2JDU # 

■ZbZodiUO# 

.2J90O700. 

•  IZI 

5sa 

■22604600. 

■  21365600  > 

.2U191400. 

.19052  IDO. 

.  Iu03o70u . 

WIZ) 

559 

• 17053400* 

•  1 6 13COOO  » 

.15263700. 

•  1 4451 bDO. 

. 13690BCU. 

■  IZI 

560 

.  129/aiu.J. 

.  1  2  J  1  CdUO  » 

. 1 i bd5BOO « 

.11 10U3UJ. 

•  1055 19  DO  « 

■  IZI 

S6I 

. 1U JJ7dDU. 

. 0S55S6UU. 

. OVl J37D0 . 

.0ut»794  0u  • 

•062609U0# 

MIZ) 

562 

•079utSDU/ 

•  IZI 

563 

DATA  2  cl/ 

MIZ) 

564 

71 


AEDC-TR-76-1 2 


IV 


evti- 

a 

11L.K 

DATA 

U ATE  s  7517b 

U9/0b/«£ 

* 

•34QC260U, 

•33lSti30C, 

•32133200, 

,309331 00, 

•29752900# 

VIZ) 

565 

* 

.26476600, 

•  2  71  bC  10i]  • 

•25903 1 DO , 

•24639600# 

•2J4O960U, 

*<  Z  > 

566 

* 

•22221300, 

•21 OfiCbDO, 

•  1 V99U4U0 , 

• 18952900# 

• 17968700, 

•  <ZI 

567 

* 

-170J71OU# 

•  lcl5720C» 

• 1 5327400 , 

#14545700 . 

• 1301U0DU, 

viz) 

568 

* 

.131  lacou. 

• 124674DC. 

•  1  I8bb800# 

•11 23 1000, 

•  1074UUDU, 

V  C  2  > 

569 

* 

,10232^0* 

•0C7554D0# 

•  Ci93uo200# 

•08333700# 

•08485900# 

1(21 

570 

* 

.081 1 1300/ 

VIZ) 

571 

DATA  Ze2/ 

( 

VIZ) 

572 

* 

,31807300, 

•3118*600# 

•30389400, 

.29457400, 

.28432700, 

v<z> 

573 

• 

♦27346200, 

•2A23C6D0# 

•251 01 600, 

•23977200, 

•22870300# 

VIZ) 

574 

* 

•21790400, 

•  2  C 744200, 

• L97Jo6DJ, 

•18770500 . 

•176478DU. 

VIZ) 

575 

* 

•  16969100, 

.  16  134300, 

•  I53429C0, 

•1459JDOO# 

•13685500# 

VIZ) 

576- 

• 

•132 lt4D0, 

• 125ti49DU# 

•1 I9U9100, 

•11427200, 

•10697300# 

*IZ) 

577 

* 

, 10J07700, 

.09926600, 

•09482200, 

•09063100# 

•  08667  700# 

viz) 

578 

♦ 

•08*94400/ 

vizi 

579 

OATA  Z<3/ 

VIZ) 

580 

* 

•ZV0468DU, 

•2*398200, 

•  2  8777 J DO, 

•28023*00 • 

■27L71UQ0, 

VIZ) 

581 

* 

.26249900* 

•  2  £264-40  0, 

•242947CO. 

•23296800# 

•22303700, 

VIZI 

582 

* 

•21 JibJDu, 

■2030920C# 

•  19441  00(1  , 

• I85446DO# 

.17602700, 

Viz) 

583 

* 

.  lostjcgoo. 

•16068000# 

,  lb3] 6  IDO, 

• 1 4600900# 

•  1392 1 7  Do  * 

VIZ) 

504 

* 

.13277)00, 

•12666700, 

•12088500, 

•11541300, 

•11023600# 

VIZ) 

585 

A 

.10SJ3900. 

•1 GQ7CSU0, 

•  0963 JUDO , 

.09218900  , 

•088*7300# 

VIZ) 

586 

* 

.00466800/ 

viz) 

587 

DA 1 A  Z««/ 

vi  zj 

S88 

* 

•  263  02600, 

•  27  77960  U  * 

.27* 96800, 

•26606500, 

.2597 7 5 DO. 

vizi 

589 

* 

•  25  l<v£3tJ0, 

•24361700# 

•234*5200# 

•22611100# 

•21721900# 

VIZI 

590 

* 

•208J7C0J, 

• 1 9966000# 

•19113300, 

• 18284000 • 

■  17461400* 

viz) 

591 

6_ 

•167U76U0, 

•  1 6*6460  U , 

•15262600 , 

•14572100, 

« 13922900, 

VIZ) 

592 

V 

•  133U  4  °0  0 • 

■12716 10 C# 

•12156900, 

•  1 J6258D0  i 

•  1  1121800, 

VIZ) 

593 

* 

• 1Uoa3oOO, 

•  101 9C1O0, 

•  09760)00# 

•  09352300  , 

•06965800, 

viz) 

594 

* 

•0tiSS92OQ/ 

VIZ) 

595 

CAT  A  Z6b/ 

viz) 

596 

* 

•  £o££22oO« 

#26320) DC, 

•26943500, 

•25447BDQ# 

•24856600, 

VIZ) 

597 

A 

.<4191400. 

•  23471 40  0# 

•227129DU# 

•219302UU# 

•21 134900. 

vizi 

598 

"* 

.20JJ66DU, 

•  1 92  4  320  0  # 

•  16762000  # 

•17996SD0# 

•17251000# 

VIZI 

599 

* 

.16528100. 

•15829900, 

•15157600. 

•  J4SI2UD0# 

•  13893300, 

VIZ) 

600 

* 

.1339  191)0. 

.12736300# 

• 121 972 DO# 

•11683400, 

•  1 1 194200, 

VIZI 

601 

* 

• 1 0728600* 

•10265800# 

•096648D0, 

•09464600, 

■09084200# 

•  IZ) 

602 

A 

•06722700/ 

viz  ) 

603 

DATA  Ztti/ 

VIZI 

604 

♦ 

•2& 172300* 

•  2&U0tGD(;# 

•  24709200  # 

■2430 4200, 

•23809200# 

VIZ) 

60S 

• 

•23242000, 

•  2261  SCO  C« 

.21 954600, 

.21261400, 

•20550400# 

viz) 

606 

4 

«  19630  700, 

•  19109909, 

•  18394300, 

•  17688900  ■ 

•  16997700, 

VIZ) 

607 

♦ 

•  10323700# 

• 1 5669200# 

• 15036900# 

•14424900 • 

•  138 368 DO, 

VIZ) 

608 

* 

•  1327*000, 

•12730500, 

•12212100# 

■  1 1 716400, 

■  1 12428C0, 

VIZ) 

609 

* 

_«  !«7yG9O0# 

_  #J  C35  97D0  , 

•09943700, 

•09557000# 

.09183800# 

VIZ) 

610 

* 

•08822300/ 

VIZ) 

61 1 

OATA  *6  7* 

VIZ  ) 

612 

• 

.23940300. 

•2381 8700# 

•23583800, 

•23250400, 

•22833700, 

VIZ) 

613 

* 

.22348200, 

•2IU077O0# 

•21224700, 

#20610300# 

•  19974  400, 

VIZ) 

614 

* 

.I9J26SOQ, 

•1 feo7C700, 

• 1 8016JDO • 

#17367000# 

•  167270  DO  # 

vizi 

615 

♦ 

.  1oU996O0. 

• 1 5467200, 

_•  14891 800 • 

•14314700# 

•1375O9U0, 

viz) 

616 

V 

•  13<i(ll)lli 

•12701500, 

•  1 22  04200 • ' 

•11727100# 

•T12699C0# 

VIZ) 

617 

* 

•  10832200  • 

•1C4136D0, 

•10013300# 

•096JU900# 

•09265700, 

VIZ) 

6  18 

♦ 

•68917000/ 

viz) 

619 

OATA  io#/  a<Z)  620 


72 
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Iv 


CfcVbL 

21 

tiLK 

DATA 

DAT k  *  7S1 7b  1 

09/06/45 

.22dJ5£uO. 

♦2274Sfc&0i 

.22356900. 

•222600DO. 

.21926600. 

■121 

621 

*21 509300. 

•  21 C3d  /DO  ■ 

.20523000. 

•19980400# 

.19411100. 

8121 

622 

• IddZbdOu# 

.  16231 IDO# 

.17632000. 

•  17035700 . 

. 164438D0, 

6121 

623 

•  l bSOC4  DO  # 

• 1 &dd£*DC# 

•14729200# 

.14165100. 

.15657  IDO. 

8  (  Z 1 

624 

•13145900. 

«  12652200  . 

•  121 76200* 

•  1 1 713000  * 

.11277300. 

8121 

625 

•  lOtiSocDO# 

.IG445V0I,. 

• i oobuiDO • 

•09887600# 

.04531000. 

81  21 

626 

•  ofi9ii<;eoo/ 

8(21 

627 

DATA  ZtH/ 

8(2) 

626 

# 

•21dJ59DO» 

•21 772200. 

•  216191  DO# 

•2I38S8D0 1 

•21084300* 

8(21 

629 

♦ 

.20723200. 

•  2U31 i VDC * 

• 19969400# 

.19574100. 

« 18883800. 

8(21 

630 

-.1  fad  3  5  40Ow~ 

rrr/ysoooV 

— •  1 72  4  £  0  D  0  #~ 

T1 6699000. 

-.16151900. 

Ml  Z> 

631 

• 

.jabcveoo. 

.1  £073000. 

.14561000. 

.14039500. 

• 1 354U30U a 

8(21 

632 

« 

.  U0353D0. 

•12903100. 

.12130300. 

.11691100. 

• 1 1 2o 7 bCu . 

8(Zi 

633 

• 

•loeboroo. 

. 1 0407400. 

• lOOQUbDO# 

.09726400. 

•  09361000. 

8(21 

634 

« 

.09047000/ 

8(Z> 

635 

DATA  270/ 

8(21 

636 

• 

.20037700. 

.  2055540 1), 

•207b770u • 

•20960700. 

.20301400. 

8(21 

637 

* 

.19957300, 

. 1 0626200. 

.19226600 . 

• 1B7927D0* 

.16334400. 

8(21 

636 

• 

•  i7<js«eoo. 

. 1 7 JoS4U 0 . 

• 16465100 • 

•  lb J6UJOO  * 

.15654700. 

■  CZJ 

639 

* 

.15351500. 

.14233400. 

•  1  4362 bOO  * 

• 13660700 • 

.13409400. 

8(21 

640 

* 

.  12949500. 

. 12S0270  0. 

•12G6fcdOO. 

.1 1646400. 

.11241900. 

8(21 

641 

* 

•  lUd4«3Ul>* 

.10470700. 

.101 03600* 

•09754O0U • 

.09416600. 

8(2) 

642 

* 

•  Q9C9£1L>0/ 

8(2) 

643 

DATA  z?i/ 

8(21 

644 

* 

>2yi t £700# 

•20074200. 

. 199669D0  # 

•19798008# 

.19573200. 

8(2) 

64fl 

* 

•  I92964U0# 

.10979000. 

. 1 6623900  a 

■  1*236*00. 

•17824300. 

8(2) 

646 

* 

•  1? 33  laDUi 

.It  944500 . 

• 1 64do600# 

•1*022300, 

. 15555100. 

ftfZl 

647 

* 

•  Ibuouoou > 

•14623600. 

•  141 54000* 

.13711300. 

•13266704# 

8(21 

646 

* 

•12631  700. 

. 12407IDC# 

.11993600. 

•11 591909* 

•  1 12(12300  . 

8(2) 

649 

* 

.  106249UU . 

ml C460GD0. 

.10107600. 

. 097O/4DU# 

.09459  500 . 

«(  Z) 

690 

* 

•  CIWI236DU/ 

8(2> 

651 

DAI  A  2  7fc/ 

8(21 

652 

A 

•  isbo  JObu  • 

• 1 W2b2i>0# 

• 192J76D0# 

•190915DU# 

.13695100. 

4(21 

653 

• 

• 1 5653200. 

.16371900. 

.16033400 . 

•17706100. 

.17334600. 

■  (Zl 

654 

* 

• lo*4 IdDO. 

•  1  tbJ39D0# 

.16114600. 

•  1 bbd-72  DO  « 

•  15255300. 

8(2) 

655 

* 

•  Ud£  l  70 J» 

.  1  4Jti£dt>0# 

•15936600. 

.13553500. 

*  131 14600. 

8(2) 

656 

t 

.12103100. 

m  1  2  3  li  L  JU  0  i 

.11906600, 

.1 1 523300 • 

. 1 1 150300. 

8(21 

657 

• 

.  lOlOdloU, 

•  1  €<*37000. 

.1 0096900  , 

.04766000. 

•09450200# 

8(21 

656 

« 

•091434DQ/ 

8(2) 

659 

0«r*  273/ 

8(21 

660 

* 

«1Ju704UO« 

.  Ifao42l00  » 

•  1 O36600Q. 

.  1645-6400  . 

•18262500# 

8(2) 

661 

• 

• 1 dU4d400 t 

•17797000. 

.17312600. 

. 1 7200300. 

.16665700. 

8(2) 

662 

* 

•  lObCJ  J/DU« 

.I61349D0. 

•  lb7bo2DU  ■ 

•1336O7D0. 

#  14957200# 

Ml  ZJ 

663 

« 

•  14  bb4b£>0  # 

•  1  4  1  3  1  IU  0  • 

•  1 3  744900  • 

•13349500 . 

•  12954600. 

8(2) 

664 

* 

•  1256tODl># 

•12ld4CD0i 

•11809900. 

.11444200. 

• 11087500, 

*<Zi 

665 

A 

.10740300. 

. 1 U4027D0. 

.19073100. 

•09737508* 

.09449900. 

8(2) 

666 

* 

. 09 1 32300/ 

8(2) 

667 

DATA  2  24/ 

8(2) 

666 

4 

•  1  dUJC2DU# 

. IttUUfcluU . 

•  1 79369DU# 

•I7B245C0# 

•  l  7871508. 

8(2) 

669 

* 

•  i  74b  OdD  0  v 

.1 7236000. 

• i 7Q00dUG. 

.16716400. 

•16413200. 

8(2) 

670 

4 

•  K  oO  t  fc 6U  U  # 

.16746000. 

.16344900. 

•15032000 • 

•  l4o62t>D3  1 

8(2) 

671 

4 

•  J42Gd20D# 

•  13*12000# 

.13533700. 

•131 O990U . 

.12769200, 

8(2) 

67  Z 

4 

•  1242 1900# 

•  1  cOoGODO # 

•  11 7045DU  # 

>1 LJbOOOO * 

•I1015JDJ* 

8(21 

673 

4 

•  1  00  02  700# 

•  1  UJbtiOttO. 

•1U04J3DU# 

.09736900 1 

•094396D0. 

8(2) 

674* 

4 

a  0915 1 JOO/ 

wtzi 

675 

DmIA  Z7t/ 

8(2) 

676 
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IV  G  L.EVEL  21 


BLK  bATA 


DATE  «  75178 


«VM/M 


* 

♦17A 36200ft 

.1 7*16200. 

• 173542 DO • 

.17254500. 

.17118 100. 

VIZ) 

677 

* 

•  ib9*75l>G« 

.167*6600. 

.16519100. 

•162696 DO. 

.15982100# 

•111 

676 

A 

•13666800. 

*1 6373000. 

•LS049000# 

■ 147141 DO. 

.14371700* 

9(21 

679 

* 

.  14023900. 

.13673100. 

•13J2Q9D0# 

.12969100* 

•12619200. 

VIZ) 

606 

* 

. 12272JDO. 

•1 1929600. 

•11591900# 

•11260200* 

.10934900. 

«m 

601 

• 

•10616600. 

. IC30S700. 

.10002600* 

•09707300. 

.09420200. 

■  IZI 

602 

* 

•0V 14 1300/ 

VIZI 

663 

DATA  Z  76/ 

“ 

VIZI 

604 

• 

•  16883000. 

•  1 636  4500. 

•16810200# 

.16721200. 

•10599000* 

«U) 

605 

* 

.16*45600. 

•  162t>33D0« 

. 1 60S* 900. 

.15022700. 

. 15569600. 

vizi 

606 

• 

. 1S2*«500. 

•1501 2400 • 

•14713200 . 

.14403800. 

.14006200* 

vizi 

657 

A 

.13762600* 

.13*39400. 

.13105000* 

•127 75 500# 

.12446000. 

VIZI 

650 

A 

.12118  SOU . 

.1179*000. 

•11473500. 

.11157000. 

.10047400. 

VIZI 

659 

A 

.10543100. 

•10245100. 

.09953000* 

.09069606. 

.09392700* 

VIZI 

690 

* 

.09121000/ 

VIZI 

691 

DATA  217/ 

VIZ) 

692 

• 

•16366200. 

•  1 6349800. 

•16301 100. 

•16221 IDO. 

.16111100* 

VIZI 

693 

A 

.  15972600. 

•  1 £607500. 

.15610100. 

• 1 5406600 • 

.15175500. 

VIZI 

694 

* 

.1*927100. 

.1*663700. 

•14387800 • 

•14101400. 

.13006700. 

VIZI 

698 

* 

.13505600, 

. 13199900* 

•12091300* 

.12501200* 

.12270900. 

VIZ) 

696 

* 

.119*1700. 

•116S4500. 

•11350300. 

.11050000* 

.10754000. 

VIZI 

697 

* 

•1046J100. 

.10177700. 

•09898100. 

.09624700. 

.09357700. 

VIZI 

690 

• 

.09097300/ 

«U) 

699 

DATA  Z  76/ 

«tz> 

700 

* 

•  1588*100# 

.15267300. 

•15823500. 

•15751300. 

•15651600* 

VIZI 

701 

* 

•15526000. 

. 1 6376000. 

• 1 52 034 DO* 

•15010200# 

•  14790500. 

VIZI 

702 

A 

•14570300. 

.1*327700. 

•I4Q727D0. 

■ 13007400* 

.13933600* 

VIZI 

703 

♦ 

. 132S30DQ. 

• 1 2967400 . 

•12678200. 

.12306900. 

•12094700. 

VIZ) 

704 

* 

.11602700. 

•I15I2QOO. 

.11223400* 

.10937700* 

•10655600# 

VIZ) 

70S 

* 

.10377700. 

• 151 C44D0 • 

•09636200. 

.09573400. 

•093162 DO. 

VIZ) 

706 

6 

•09664900/ 

VIZ) 

707 

DATA  Z  79/ 

VIZ) 

706 

* 

•1542 7J DO . 

•  1 541 400  Q . 

.16374300* 

• 1 5306600 • 

.15210300. 

VIZ) 

709 

* 

•151C4CD0. 

.14967200* 

.14009400* 

.14632400. 

.1443BODO. 

viz) 

710 

A 

•142279D0. 

.14003900* 

.13766000. 

.13521000. 

.13267100. 

■  IZI 

711 

• L50U5400. 

.12736400* 

•12467300 . 

•12193500, 

.11910200. 

VIZ) 

712 

A 

•11642500# 

.11367300* 

•11093500* 

.10021800* 

.10553000. 

VIZ) 

713 

A 

•I0287QDO. 

•  l  C02C0D0. 

.09768000. 

.09516300* 

.09268000. 

VIZI 

714 

A 

•  C90265D4I/ 

VIZI 

713 

DATA  Ze 0/ 

■  ' 

VIZI 

716 

A 

•14995200. 

.1*967100. 

• 14951 ODO. 

.14091300. 

.14000000. 

VIZ) 

717 

A 

•14704400. 

.14575200. 

.14*34600. 

.14272100. 

.14093100. 

vizi 

710 

A 

•13699300. 

•13692200. 

.134735D0. 

.13244000. 

.13007600. 

mzi 

719 

A 

•12763300. 

.  1  251  330  C • 

.12259100. 

.12001600. 

.11742200. 

viz) 

720 

A 

.  114U1 VDO. 

•  1  I22I209. 

•1O96I400. 

.10703100. 

•104469 DO# 

VIZ) 

721 

A 

.101 £3500, 

•  09  94  3 JD 0 . 

.09696000. 

•09454300# 

.09216200. 

viz) 

722 

A 

•08982600/ 

VIZ) 

723 

end 
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AEDC-TR-76-12 


IV  G  cEVEL  21  MAIN  UAT£  =  7S17B  OG/tl/lU 

DIMENSION  hcADSIZO) 

UlMEhaIJN  HTSTOFCJcl  *cN£TCFi(3U)  •  1ALSTM30I 
U I  HEN  S 1 UN  ANGIXtOO)  .HTIXbUUl  .PLCTAlXSuOl  .PlOTY  (£5u0 ) . 

•  M>LlUl.tPLTI«)  .JUf-l  I  10001 
NCASEe  a 

iarA~tr=i 

jrwAA=-iuoc. 

•NlTtl  C.0IV2D 
cl*«X7  huRiAA  T  I  1H I/// I 

L-LL  PLU  IS!  eCFF  ,  <*u  CO  »  l  u  J 
CALL  PLUKC..-12..JI 
LAkL  .PLU1(0>i-IIi3  .231 
c 

C  Pi.AU  lh  lJMAUL  PAHAMcTtHS 

c 

bUJtiti  RcAD{2C.hNCj»v»4MSLIT.PL7liIN.FLTKAA.DELPLT  »DL  AN  .  VHGT  .  K.L  INfcS  •  fcNO. 
*Tl.  I  A.  EL,  I  PLOT  1  .IP  LOT  2 
v.cIftZ.APRINE 

*  •  TAU 
v.hcAOS 

TWaF—1— I IVVL 1K2 

HtAu  IN  *A  VENCMbcR  »  TRANSMISSION  PAINS.  CONVERT  MAVbNUMBEHS 
Tu  VAVt LENGTH  ANO  UfcTERNINE  VAX  C  NUN  THANSMl  SS  I ON 

UO  d37  ICAHOol .KLINES 
MLADIeOIANGI  1C ABO I .HI ( I  CARD! 

IF  I  HT<  1CAHCI.LT.  O.IHTI  ICAHU)*g. 

STNAX=AMAXI ISTMAX.HTI 1CARO) I 
ANGI ICAXU>e| I.E4US1/ANGI ICAMUI 
637  CONTINUE 

ncase=m:ase*i 

II=nl1NES 
PC  TM |N=ANG(  1  I 
PA.TMAX— ANGI  III 
■  IDEeX.VO.AM 
PC-TH  I  N=PLTM1  Iw— 2  ■  *■  IDE 
PLTMAK»PLTNAAV2.VMDe 
DfcLTA=STNA X7S. 

3b  CONTINUE 
C 

C  PRODUCE  THE  ZERO  SLIT  MOTH  PLOTS  WHCA  I  PLOT! *1 

C 

1H 1PLCT  I.EQ.OJ GO  IU  SOOOI 
TcST-l  PLTMAX-PLTPI  M/utcPLT 
lLG=IESr 
|CG~  (LG.  < 

HLGa  ilg 

XPLTl3l=Pi.TMlN 
XPLTI A l-OLLPCT 
VPLTI  3|eQ. 

TPLTI a  MObLTA 
dOUZb— YPLT I  4  |V  I  C. 

CAU.  AAl  SI  L..0.  ,  »A  *.-1  .HLG.O.  .XPLTtJl  .APLTUI  .10.1 

tplti i ).«. 

00  SO  1-1. II 
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AEOC-TR-76-12 


IV  I  LEVEL  21  MAIN  DATE  »  70171*  09/11/12 

MLAM3ANG4 I i 

IMPLTMIN.GT.RLAN.OH.PLTMAJ.LT.RLAMjGa  TO  SO 
VPLT  1 2  J-AM  I N I  <  MTI  1  >  ,dCUe  I 
XPLH  1  J-RLAM 
XMLTi 2  Is  APLli  1  > 

CALL  LINE! XPLT> VPL1,2.l'0»l) 

SO  CONT  INljE 

CALL  PLOT(RLC+2.,0«.-J> 

O60U1  CUNTINCE 

PRODUCE  THE  ACT CAL  SPECTRA  PLCT 

ISA VC*  I 
KKUUMTal 

OtLt AM=I  PL  TMAX-PLTMI  Nl  /2«M 
PP  J*PL  IM  lN-DtLLAM 
40 1  LUOK= I  SAVE-1 

tF<LOOK.LfOILUCK=l 

L  CHOOSE  A  POINT  ALONG  THE  PLCT  AXIS  AND  SET  AN  INTERVAL  OF  HIOTH 

L  tO CAL  TO  THE  SLIT  SIDIH  CN  EITHER  SICE 

C 

P 1«PP I «<KGLN I *OELL  AM 
P2=PI+»10L 
XLAN=<PI+P2i*«S 
kuun r =  i 

c 

C  IE  IS  LOOP  UETEHMINLS  MHILH  LINES  LIE  IN  THE  CHOSEN  INTERVAL 

C 

DO  SCtS  l=LOCK,tl 
1MANC1  I  ).GT.P2)GU  10  042 
lh(ANbl I (.LT.PIJGU  TO  CSS* 

1H  ISOCNT  .LC.i  >  I  SAVELI 

VSo%  CUi^TINLl 
i*i^  VUPT  J-IS.OCN  T— 1 
k. 

L  I  he  FllUUhING  SIATeMiNTi  SINLLATE  THE  TRIANGULAR  SLIT  FUNCTION 

L  o>  d^MMlNu  THl  eON IK KoG I 1 CN b  OF  ALL  THE  LINES  IN  THE  INTERVAL 

L 

Lt  (ftlJH  T  j  il-  J.O  IGL  IL  1S74I 
=o  • 

iHNi- liA^L+NU^Ti- i 
UL  JLL^IbA^L.lPM 

t  ><  lAJU»HT(  JuL  I  XL  AM- AN  G<  JJL)  )  l/DLAN 

>»*  7  tiwMMtH  -  b  UrtNtNtANAA  1  t  Cm  » lh | AUO I 

►*LdlA(  AnUlM  )>XLAh 
KLIII  «(  NK0LN1  )»SLN«uH 
K k. LU  N  1  -a.Kcj  IN 1  ♦  l 
IF  4  AAL  Cft  T  «L  C  m  2.  bb  1  )  tiC  Tb  77 

Gu  ra  sii 

*%/*!  PLGTXl  KKtiUNf  i-xiam 
FLUTY!  AAJUM  I*ur 
AkULMaKKLLrlU  1 
l>  l  Aim  |il)*LT«P|  >GO  TC  if 
I  h  (  K.A  IjLNT  •t-uad^Cll  <*L  r  U  77 


76 


n  r.  r. 


AEDC-TR-76-12 


IV  G  LtVEL  21  MIK  DATE* *'751711  09/11/10 

Cu  TO  991 
77  Il»KKQUNT-l 
N—  1 1 

1THAF=  .5*THAF*DLAM 
DC  B0  1-1. A 

dd  pcOTXI l)=PLGTk( II.TTRAF 

TEST— I  PlTMAX— PLTMI  M/UELPLT 
ILG-TtST 
XL  G*  1LG.2 
RL6=  ILG 
C 

C  ,-ObTERM INfc  Tht  MAXIMUM  VALUE  CF  THE  SPECTRAL  CURVE  AND  IF  THIS 

C  I J  THE  FIRST  CURVE  COMPUTED.  THE  Y  AXIS  SCALE  FACTOR  IS  CALCULATED 

C 

SPMAX*- 100. 

00  900  I-l.N 

IFlPLOTTl 1 l.LT.SPMAXJGC  TO  0OG 
sPMAXsPLOTVl II 

sao  continue 

IF l 1  START .EU. I |OELTP=SPNAk/ YHGT 
awl  PL  GT  V  I N* 1 1=0. 

PLOTVCN. 21-DEL VP 
PL  UT  xt  N4  1 J  =PL  TH  IN 
PLCTXIN.2I-0ELPLI 
V AL  MAX v 10. 4PL0TVIN.21 
DO  053  95  MUNOAV-i.N 

IFIPlOTVI MONDAY  1 .GT .VALMAki PLCT Y I MONDAY! AVAL MAX 
6S39S  CCJNT  IN L£ 

NP2=N+2 

MHITEI40 INP2. 1  PLOT  X1L) .PLCTYIL) .L— 1 . NP21 

PRODUCE  A  SEPARATE  PLOT  FGR  EACH  VALUE  OF  (ENO  IF  IPL0T2*! 

IH IPLOT2.EQ.OJGQ  IC  E6CC2 

CALL  AXISIU..U.  •  •  A  •  1  .RLG.O.. PLOTXlN.il  .PLOTX  <  N  *2  I  ,  10 . 1 

call  symbol i .e. 9. a.. i.  ■no=* .a. ,31 

CALL  PLTFLTI-O.  *-U.  ,~0.  .ENC.C..3I 
CALL  LINblPLOTX.PLJTY.N. 1.0,1  I 

call  plut<hlg*2. .o.c.-ji  • 

06002  CONTINUE 
ISTARTsg 

TAcSTRINCASC )=TAU 
NT STOk INCASE 1-SPMA X/OLLYP 
ENSTORINCASEI-ENO 
GO  TO  tdJoa 
49.4  CONTINUE 
c 

C  PRODUCE  THE  FINAL  SPECTRA  FLCT 

c 

CALL  AXISIC..O. , *  »AVt LENGTH  ••-! 0 .RLG .0. . FLTMlN. UtLPLT. 10.1 
LALL  SYMBOL! . S . 9. S . . 1 .HEADS . 0. .90) 

CALL  SYMBOL! .5.9.5,. 1 . >TE»*.0. ,3} 

CALL  NUMBER  C  —  0.  ,~U  .  *—  0  .  ,  Tt  ,  0.  .—  1  1 
CALL  SYMSULI .S.9.3..1 .  *TAs 1 .0. ,3! 

LALL  NUMBER!— 0.  ,-U*  ,-C.  ,  T A , 0 •  .-1  I 
LALL  SYMUGLI .5.9.1 ..1, -L=  •.O.iJI 
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AEDC-TR  -76-1 2 


1W  G  LEVtL  £1 


MAIN 


0ATE  ■  75170 


00/11/15 


CALL  NUMBER (-0.  .-0.  .-0.  .EL.O.  .1) 

CALL  S VMBGLl  .0  » i. 9 ■ • I • 3 HA •* .  0. .3  I 
CALL  NUMBtK<-0. .-U..-0. .APRIMfc.o. .51  . 

CALL  SYMBDL(-.2fc57l5.it.7..l  .•  NO  MAX  NT  TAU‘»O..I«_> 
CALL  SYMBOL!-. 265715,6. 5b.. 1,  *  '  ~  <lN>a.0..t3) 

UJ  75  !<■  UNCASE 
Yh-U.6-.I5*I 

CALL  PLTFLTI-.je5715.7W..I  ■EKITOOdl  <0.  >21 
CALL  NUMBER! . 42014 .75 1 .MTSICfl (1 ) .0. .21 
CALL  NCMUERU.02E576.I6..1  .TALSTM1I  .0.  .31 
76  CONTINUE 
ENDFILE  40 
REWIND  40 

150  READ  14  0. END— 400  6 1NP2,  i  PL01 AIL) .PLOTVILI .L«l ,MP2J 
N-NP2-2 

CALL  L 1NEI PL 07 A. PLOT 7 .N.l.O.II 
GO  TO  ISO* 

4905  CALL  PLOT! RLG+2. .0. «— 3) 

4997  CALL  PLOT! g. 0.999) 

STOP 

ENO 
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AEDC-TR-76-12 


NOMENCLATURE 


"i- 


v . 
3 


SL 


v 


<Asyj>D 

K 

Ts 

Ms>  Ma 


\r  Q  lr  O 

Ki'j‘  Ki/i 


y 


(Aayi>D 


Transmission  of  spectral  line  (designated  j)  through 
a  medium,  intensity  units 

Wavenumber  of  the  ith  or  jth  spectral  line,  cm  1 

Intensity  of  source  spectral  line  at  wavenumber,  Vj, 
intensity  units 

Absorption  coefficient  for  the  spectral  line  at  wave- 
number,  vj  or  cm-1 

Absorption  path  length,  cm 

Wavenumber,  cm"  * 

Intensity  of  source  spectral  line  at  center  wavenumber, 
Vy  intensity  units 

Center  wavenumber  of  the  ith  or  jth  spectral  line, 
cm"  1 

Doppler  width  at  half  maximum  intensity  of  the  ith 
or  jth  source  spectral  line,  cm-* 

Boltzmann's  constant,  0.6952  cm" *  K"1 

Temperature  of  gas  in  light  source,  K 

Mass  of  molecules  in  light  source  and  absorber, 
respectively,  gm 

Velocity  of  light,  3  x  10^  cm/sec 

Absorption  coefficient  at  center  wavenumber,  v*  or  i/°, 
cm"  1 

Spectral  line  broadening  parameter  (ratio  of  collisional 
to  Doppler  line  widths) 

Dummy  variable  of  integration 

2{v.  -  v<t) _ 

Doppler  frequency  function,  n  2 

^  3 


Doppler  width  at  half  maximum  absorption  coefficient. 


of  the  ith  or  jth  absorption  line,  cm' 


1 
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AEOC  TR-76-12 


<*aVL 


Av 

e 

m 

NJ" 


Lorentz  width  at  half  maximum  intensity  of  the 
jth  absorbing  spectral  line,  cm"1 

Effective  collision  frequency  for  spectral  line 
broadening,  sec-1 

Temperature  of  absorber  gas,  °K 

Transmission  over  the  frequency  interval  Av 
through  a  medium,  intensity  units 

Transmissivity  over  the  frequency  interval  Ar; 
ratio  of  incident  to  transmitted  intensity 

Wavenumber  increment,  cm'1 

Electronic  charge,  4.  80  x  10"  ^  esu 

Electron  mass,  9.  11  x  10"28  gm 

Number  density  of  molecules  in  the  lower  state,  j'', 
cm-3 


J  J 


ff 


J " 

F(J  ") 
No 


v  . 

V 


'/ 

v 


Oscillator  strength  for  the  transition  from  the  upper 
state  j'  to  the  lower  state  J '' 

Planck's  constant,  6.  625  x  10" 2^  erg  sec 

Rotational  constant  for  the  vth  vibrational  state 
(ground  state,  v  =  0),  cm"1 

Rotational  quantum  number  for  the  lower  state 

Rotational  energy  of  the  J"th  rotational  state,  cm"1 

Total  number  density  of  molecules,  cm"3 

Band  oscillator  strength  for  the  v'«—>v  ''  transition 

Wavenumber  of  the  line  corresponding  to  the  transi- 
tion  v  J  -+v  J  ,  cm 

Wavenumber  at  the  bandhead  of  the  (v',  v*')  band, 
cm" 1 


Rotational  strength,  or  HtJnl- London  factor,  for  the 
v  J  v"j"  vibrational  -  rotational  transition 


S  Total  electron  spin  quantum  number 

N  Number  density  of  molecules  SL  other  than  the  absorb- 

^  .  ing  molecule  in  the  absorbing  medium,  cm"3 
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Effective  collisional  cross  section  for  the  broad¬ 
ening  process  by  the  ith  type  molecule,  cm2 

Mass  of  the  ith  type  molecule,  gm 

Wavelength  at  line  center  of  the  jth  spectral  line,  cm 

Partial  pressure  of  the  £th  type  molecule,  torr 

Mass  of  the  fth  type  molecule,  gm 

Line  broadening  constant  for  the  jth  spectral  line, 

K/ torr  or  K/ atm 


C  Average  line  broadening  constant  for  all  spectral 

lines  in  a  given  band,  K/atm 
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